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I. liTEODUCl'IOi 
Evitene# li&i snowaitlatet to litdloat:® that tiie hemocj'tes 
and pliyiiolQgleslly rel&ttt tissues of arj insect play various 
rol®s la th@ rtaetions of iasests to toxic agents. It has 
betii ahowa that in otrt&in iaseoticltelly-poisoned insects, 
the Mooi.-«®ll ©letmre (f©ag©r and Munson, 19^+2) ani the 
total htfiiooyte eouat CFlsoher, 1936) aay be significantly 
affeoted* ihlln m differential heraocyte counts hare been 
aat® from inseetloitolly-poiionet Ini^cts, blood-oell glycogen 
itiadi©0 CXeagir ant luason, 19#1) and qualitative morphological 
ftlteratloRf in tlit bloo4-»eell picture have been made {Yeager 
and Hanson, Ifiil; Pilat, 1935). Smoh rosulti Indicate that 
v&lmbl® iiagnostie inforastion sight b® provided by a quan­
titative study of blood"*©®!! ohaages a® reflected by dif-
ft,r#nti&l and total heaoeyt# counts from the same poisoned 
insect* 
the blood cells or heaoeytss of the yellov/ mealworm 
tenebrio molitey Linn&emg have been ol&ssified by & modifica­
tion of fe.agir*s aysttm (19^5) i^ito 8 classes and 23 types 
of cells iJom&f 1947), differential hemooyte class counts 
throttghottt the lift span of the mealworm provide a normal 
blood piotur® for this iaseot, th^s furnishinp- a basis for 
qmlttative and quantitative stuAiea of tii© effects of v&rioiis 
laJtxriOMS factors. 
Differential hemoGft® counts are presentad for ae&lv/orra 
larvae subjected to th# following ©xperimental conditions: 
11) injectloiis of saline, acetone-saline, distilled mter, 
distilled mter-soetone, India ink, larap black, colloidal gold, 
colloidal iron, and BUf C2,2~bi@ Cp-chlorophenyl) 1,1,1-tri-
etiloroetimEe)}: C2) heaorrliag©; (3) cautery; (k) laech&nic&l 
distmrbano®; ^5) lig&tioni (6) atarvaiilon; (7) dessication; 
and (8) external poisoning vith. DOT, toensene iiexjachloride, 
toxaphen®, sodiiia fluorid®| and (9) nicotine vapors. Total 
lieffiocjte counts are Ineluded along with some special counts 
where ooeasioa penaittfd. 
Soiae of these studies liav© tlirown light on some functions 
of, and interrelationsliips toetweea., the various hemocytea in 
the aealwom. ftiese functions are discussed. 
II .  1S?IE¥ GF PSBf l lHMf LITISROTRE 
A and lapreasiw literature furnishes a ooraplex 
l>a0]fegro«M to 'ra.rloii® sspeets dealt t#itli in this study. In a 
voA. of tlie prtsent dimenaioia®, it is not feasible to do more 
tlmn iEiaie&te mTtmln broad poiats of view and to refer the 
rm&®T to larger' monographi that teal with the various subjects 
bro-adli- and oritioallf. fhie seotion ^ rill briefly consider 
literature on the origin of inseot heraooytes; insect heniocyt® 
olassifioation® J. morphology of the hemocytesj some of the 
functions of the heaooytea; and total hemocyt® counts. Further, 
this review will very briefly consider Bome of the more general 
pathologio&l principles .a® they relate to this study, and 
reae&rohes dealing with the effects of external applications, 
parenteral Injeetiont, and feedinif of poisons to insects, in so 
far as they have a bearing on the present work. 
A. Origin of Inseet Hemooytes. 
Wiile insect heiaooytes have been said to arise embryo-
logioally froia ©otodera, endoderm, subesophageal body, yojJt 
©ells, sero®&l oells, e.nd from the walls of the dorsal aorta 
("heart"), noat Investigators agree that the heinocytea arise 
before the ''heart haa been formed in the embryo, from the mid--
Teatr&l aesoterm&l strand (laesoderiml-endoderiHal intermediate) 
iJoteniiaea and Butts, 19^1} lisuzingei*, Wiesiaann and Leim&n, 
i926j, Mel&QUt 1915; mml&r, 1892). 
J&okson (1939) in a sttifij of the embrjonio origin of the 
ha®oojte@ in fenetario aolitor mports that "the cells in the 
md&derm&l stmnd differentiat® into & type of cell found 
in the yolk ms® shortly afterward xifhich is thought to be the 
progenitor of the siero»»cl®©cyte@ of the adwlt blood." He 
also fsund •^soiae ©ills from the aiMle region of the mesoderm 
follow, or r&th«r aeeeaiiany, those of the middle strand into 
th® yolk ant develop into the progenitors of the macronuoleo-
eyt©®.*' (p. 73.) Jackson further found that '"at 36-hour8, 
shortly after th« rising of the nemtral crests, certain cells 
of those bodies incre&at gr®&tly in &ize and their cytoplas® 
btcoaes very clear. Iftieise cells give rise to the oenocytoidea 
which at one# migrate into the yoll: along with the macronuoleo-
eytete and thi raleToamcleocytes." Cp. 73.) According to Jackson, 
til© blood begins to circulate in 96 to 108-hour old fenebrio 
embryo©. 
B. Fost-eabryonie Development of the Heaocytes 
Heiaooytopolettc organs h&ve been referred to as blood-
cell fomlng ©rganis, lymphogenous organs, and ostial organs. 
Cweaot {1887, 1S91), Balbiani (1886), and Kollmnn (1908) 
believed that the pericardial cells were hemocytopoietic organs. 
0iieaot later (IS^-^) e.xprtssecl the opinion that lieraocytes are 
not reformed after embryoaic deTelopaent, Ijut are formed by 
mitosis in th© iieaolysgjh. He referred to the faet that 
heraocytea oould fasten theaaelTes in the hemoooel© and aimulate 
fhagoeyti© organs.. 
fltideiimin 11891) ^quoted by KQllmaEa <1908), p. 135,» 
Slid by Eo?3s@feooia Cl93?)] toun^ oompaot layers of hemocytes 
tinioh lie believet to be h©ttQeytop©i©tio organs In a caterpillar. 
Zaimria (1911) oonsidered th@ oatial organs in Aesohim larvae 
aa heiaocytopoietie a.nd beliefed th© reticular tissue surround-
ing the well of the »'li@art" to b© filled vith developing 
iieraO'Oytes. laiartnko (1925) 6laliie<i the presence of s hemo-
oytopoletio organ a©ar the eorpors allata in the beetle Oryctea 
n&0o0Qrals h. Stark and Marslmll (1930) olaimed the presence 
of a-hemocytopoietic organ in Proeoohila melano»iter. but 
Bmasell (19-^0) st&tes that in ProaoDhila this "organ" ha® 
^'neyer been shoim to glm rise to blood cells, and their 
srrangeiBtnt in the stmblan©# of sn organ is a temporary affair." 
lAnge (1932) In a oar^fttl study of phagocytosis in ohironomids 
states that the phagoeytio tisame is also heaooytopoietio. 
f&ylor (1935)» Marray ant Titgs (1935) also under the 
iapr#seiom that ther® was son© speoisl formatife tissue in 
Inseets. 
Qthar workers who Mt@ inTOstigated the problem have not 
found tru© hemoeytopoietie organs in inseets (Koschernikov, 
19001 Sussloff, 1907; 8arr8,tt and Arnold, 191I; cilaser, 1917? 
SrimtSj, 1908} Selsoa, 192^1-; Bogoja-rlensky, 19325 Cameron, 193^J 
Mlgglesf/ortli, 19335 RoosetoooBi, 19371 and Rles, 1939). It is 
generally aasumed timt roost Insects do not hWfe true herao-
Oftopoietic organa eoaimmbl© to those fo«nd in sose of the 
other iB^ertebr&tes*- la aoEie ©asea, at leasts temporary 
aoetiimliitloiie of liemoe3»-tes Im-r© l>e©n raletalcen. for rsuch organs 
111 laseets. Se^erthelees,. a comprehenfsiTO atwdy of this 
ftmdaifteBtal problem is slgnifiotntly lacking. 
0. Heiaooyte Ol&ssifieatlons 
Roosebooa ^193?) h&& el&feorat^ly re't'lewed almost all of 
tlie dlagsifio&tions: of laiseot lieiaoei't®® mp through 1937- Papers 
hj lollBjaiin CI906), Jordan C193S), and reeently loy O-eorge (19^1) 
coritaln iraportant comparatiTO h.eiaatologle&l studies, fiie present 
rtTiew makes lio elaia for eoraplettness. Illustratiire examples 
of •litfflO'Oyt® -elassifieatloa® are given, for variou® orders. 
MTuntz (1908) distingtjlslxed 4 types of heaooytes in 
fbysanmra;. (1) young blood oells, (2) transitional blood cells, 
(3) adult bloofl cells, ant (4) dsgenerating blood cells. 
(Mmot iW96) <aistiiig:iii0:iie.A tke following types of iieao-
aytes in Ortho:pteras CD &!ii,@booyt0a of smll siae having a 
aucleTis surrouadtd a aasll amount of cytoplasm, fhese are 
tlie stem cells for the otiier typ©s)| (2) aaiebooytes of large 
sise h&TlEE; a,l3«fidaiit5 li©isGgeneo«s oytoplaia, being primarily 
flagooytlc, and diirifling aattdtloikllyj (3| aastooeytefl similar 
to (2) Mit oontaiaiag rmmnrmm flm acidopliilio granules; and. 
C4) ©eXls iie.Tlng liomcsgeEeous oytoplaSM and a large nucleus. 
Roostfeooo (193?) identlfiet (1) proleueocytes, {2) m&oro-
nmcleooytes, ij) .aieronaeleQeytes, C^) gr&aular leucocytes, 
C5) ifiterraecllat© forns, aM (6) oeaooyfeoids in the ortiiopteran 
QamuBiuu immsm Bnwaer. 
iSmin C1939) ol&ssified tbe lieBjocjtes of P«jripl&iiet& 
ftgierieana iato the following typess Cl) prolywpfeocytes, 
(2) trans It ioital fonas, aUd (3) large lyapiioeytes. 
le&ger, Sliall, aat Farrar C1932) tentatively classified 
tii<? iieraoeytea of Perifilaaeta oriental is iato types: (1) 
cellfj witli ooarsely granular melei ii&ring noii~granular 
cytoplasm; (2) oella with ooiipaat Ruclei more eosinophilio 
th&E CD; (3) fery eaall <!sell3 t-ritb. compaot basopliilio nuclei 
8iirit)«iidta by s. thin rim of oytoplasia; aad ik) sells siiailar 
to CD hut saailer. 
lti,%h«r sad Soal il937) identified the heiaocytes of the 
leoast Igtroa a-reearia> as {1) "motiier cellB"; 
C2) •'fMll-grown aotlier ©ells,* or proleuoooytes; (3) t^agooytea 
and V-'f) »d#geiierating cells." 
H,olla,iide (1911) desoriteed k h©ffl,ocyte types for Pyrroohorus 
.feT)t®rtig (li@teropter&)I Cl) proleucocytes, (2) phagocytes, 
8^-
C3) osamoytoidas, and (4) adlpoleucooytes. 
Poissoa (1924) found 7 beaooyte types in Q-errla g^lbbifer 
Clleaiptsera): CD proleiiodaytes, (2) young leaoooyties, (3)  
old leuooeytes, Of) leaeoejtes vitli fatty incluslona, (5) 
gpsEtular leiacQcjtas, (6) leucocytio oenocytolds, and (?) 
selenifoi'ia cells. 
(1933) reported the presence of (1) 
proleMeo0jt©s, (2) pli&gooytes, (3) adlpoleiioooytos, and (i!-) 
oenocytolds in Itio&nlua* 
Holland®*® soheiie (1909) for the lieraooytes of Ooleoptera 
Inclucled Cl) Ijapiiooytes oiiatiged to prolan oocytes by Hollande 
C191II •, iz) pliagooytes, {3) granular leucocytes, and {^0 
spherule oells. 
Foyarkoff (1910) reoognlzed 6 Jaetaooyt-e typea in 
g&lerueellg. (Ooleoptora) j (l) young leycoytee, (2) phagocytes, 
(3) selenlfora oells, C4) o€mooytoias» (5) apher«l€> oel.l8, 
and (6) imgln&l nyoMasts Csaall fusiform oells), 
Paillot CI923) foimd 4 types of blood cells In "H^nneton** 
larme and 3 types of "blood cells in Elat«r larvae• 
lisaaronko (1925) found 3 types of blooa. cells in the 
feesolyraph. of tiie toeetla Orrdteg nasicorniar (1) round cells, 
(2) Bplmlle cells, and (3) granular eoslnopiiillc cells. These 
eella gteaaed fron prtii!tti"re "blood oells (*'Urs@llen"). 
Eooseboom (1937) identified the following heraocytes of 
9^-
ISMiSE* oenocytoids, (2) aiacronucleocytes, (3) 
sier©Riiol©oeytes, and ( k )  spheznjl© cells. Jackson C1939) in 
Ills of the h0iio0ytes of featforio ffiolltor Identified 
CD naeroiimsleocytes, (2) «loroatieleooyt®0, and (3) oenocytoides. 
fhe hmmajtm of th^ sdult tioneyfe©© haw been olassified 
"bj Miiller Into h, tjp©si (1) fc?r®atlTe cells, iz) leucocytes, 
(3) aimll rounA cells, and ••oenoeytes. 
fliree types of hemoeyfies were fo«Rci by Berlese (1901) ia 
mrt&ln Pipteya: (1) trwe RHiebocytes» (2) myocytes, and, (3) 
splaiichRocytes. Lange (1932) illwotrated, (1) ft?slform leucocytes, 
(21 romRd lencoeytee, aM (3) pfeagoeyte® In tfilronoraids. Lovne 
(1890-1892) in his mornQTB-ph on the blowfly apparently recog-
ni£©d the folloring types: (1) elongated fusiform 
eella, (2) saeteold cells, $m&, (3) p'a&goeytes- (see plate 18 in 
Lowne). 
In the flea gteao®ei3halidei fells (31phiona.ptera), 3 types 
of liesoeytta identified by Ghen (193^) as (1) prearaebocytes, 
(2) aaebeeytes, and (3) »6roeyt©a. 
flie heniooytet Of the L©plAopt©ra hav© been classified by 
a mmh&r of vorkers. Some of th© more import&nt systems are 
briefly categorised. Hollaade (1911) identified 5 heraocyte 
typet: CI) pr&lemoBjtes, (Z) nh&gocjt&B  ^ (3) granular 
Xeuecscytei, oeaocytoids^ and (5) sphertile cells. Hufttagel 
(1918) mmgnlzeA the fdllouing hefiocyte types in Hyponomeuta 
•10^  
•gft<lells h ,  I  C D  proleuoooytes, ( 2 )  joung leucocytes, ( 3 )  old 
leuoooyt©0, (4) adlpoletteoejtes, ami (5) oenocytoicls. Metalnlkov 
C190S) ciistlngtilshfcl 4 lieraoeyte- types in dellerla aellooellft; 
{1) small lieaooytss, (2) pbagooytie leucocytes, (3) grs-nuliy* 
leucoeytes Csometisass vaciiolatsci), and (4) oenocytoido. Later 
two other types wre added; C5) splierulo oellB and (6) spherule 
cells empty yaeaoles Metalnilcof aad flaschen (1922) . 
Faillot's classifloations of lepidopteran heaocytes fin&lly 
intcludtd kiada- of hecif&eytes (1933)? (D laacronucleocytes, 
(2) laioronttlseosytes (pimgooytle)i (3) aioroiiwoleocytes with 
spliensles, and C4) ©enocytoids, Rooeeboora {1937) considered 
the relationeiiioa between the proleucoeytes, nacronuoleooytes, 
aieroimeleecsytas, and granular le'ucooytes to b,e as follows; 
Muttkowslii (1924) el&ssifled insect Mood, cells into 
CD aaebocytes aad (2). oiiroia0|^.il leucocytes (se-creting, trans­
porting, and phagoeyti©). flie, pliagooytio cliromophlXe leuoooyte® 
were suMividet into am&ll pla&.goeytes and granule SDheres 
("lornciienkugela" of Meism&n). Also included in Ms claGsifica-
tion were (3) «planetoocytes and (ii-) degenerating cells. 
Haoromcleocytes 
Micronuoleooytes 
Q-ramilar leucocytes 
Proleuoooytes 
dl'/isiou ^roifth 
11-
Wlggleswoptli {19^7) proposed the following scheme for 
classifying insect beiaooyteit (1) proleucocytes, (2) macro-
n^cleooyte® Cpiiagocytic), (3) nicrouMoleooytes or •'afsebocytes* 
(phagocytic5, granular lemoooytes, (5) spherule cells, 
(6) sdipolemcoQjteS, &m& (?) otnooytoids. The adipoleucocytes 
hair® beeii .soiietiBi©s congiclere4 as free floating fat oella. 
Bog'ojairleiisky (1932) distlngaished 5 iiemocyte types in. 
Inseets; (I) iieia.0GytQblast8, (2) -apinaie^slisped leucocytes, 
(3) aioronuoleocytss, (if) splierocytes (eruptive cells), and 
C5) oenocytoida. 
Mellanfey (1938) apparently reeogaiised only one kind of 
heaoojt© in insect®? lie eonsldeped that the phagocytes and 
the oenooytoid® w©r# different ®t&g©@ in the life of the 
saae cell. 
Imger (1945) classified the tieaocytes of the southern 
fenayworitt Frodeaia erii&nia Gr&». into 10 classes and 32 types 
of cells. H« recognized th@ follo%4ng classes: (1) pro-
lew 00 cy to ids, (2) 8jiootli-co.ntour diromophiles, (3) oenocyte-
lik© cells, C^) plssaatoeytes, C5) podocytea, (6) vermlfora 
oella, (7) oystoeytes, (8) spheroidocytes, (9) exmptive cells, 
and (10) degenerating cflls. He pointed out that the pro-
leuoooytes, snootli-con tour chromophiles, plasiaatocyteg, and 
podooytes of his slaisifioation were partially comparable to 
th® m&oronttoleocytea of Paillot &nd th&t the spheroidocytes, 
•"IS"* 
erttptive oslls, and some of tlm eystocytee w@r© comparable in 
p&3f»t to ?aHl0"l'»s sileroGueleoeytes. ftoe oenooyte-like ©ells 
of liis cla8slfl0atloii ware analogous to the oenocytoids of 
Palllot. Xe6ge,r*s pl&siiat-osjtes, probably sraooth-oontour 
Qhroaophlle®, sph.0poM©ejte», &ad possibly alcrocytea {pro-
lenoocytoid) %!?ottld all toe inoluded uader Hollande*® phagooytes. 
leager (19^ 5) tentatlveij coasldered the granular leueoeytea 
of Holland© td b® ooap&r&lJle to the apheroldocytes of Prodenia 
aad Holl&R(le*'s fphermle oells to fee ooap&rable to eruptive 
eells of gro&etiia. 
The heaoeyte© of the mealworm, feaeferlo aolltor. cl&ssified 
by a fflodlfleatleii of feager*® iehea© Cl9^5)f ®how the presence 
of 8 Glasses srtd 23 types of cells {Jones, 19^7)* Podaoytes 
ant ©ruptiw eells are not present In the ae&lwona. Coaraely-
gr&mtlsr ©osinophilio h©©ooyt@s of the i!ieal%/ora were identified 
as cystocytes, but they do not ©ntirely correspond to either 
the eyatocytes or the spheroidoeytes as desorihed by leager. 
Certain eells containing stjherieal inclusions (Taouolee) were 
identified as spheroidooytte, Istit they too do not correspond 
©xaotly to tho»® oceiirring In. Prodenife. With thea® exceptions, 
th© blood-oell classes of feaebrio ar® quite oomp&rable to 
those d#®erib®d for Frodenia. K©"r®rtheleis, it should to© 
pointed out that in fenetorio the plasmatooytes and cystocytes 
always account for th® a&Jority of the hemocytes seen through-
•i 
out the life gpan, whereas in Prodenia there are highly coiaplex 
alterations la Ihe occurrenoe of ©ell classes ,a-urlnc?; the 
life span, of that in&B&t. Soraal iie®ocyt@s in the mealt-rorm 
and tlieir iriterrelatlonahipa are illustrated in plate I. 
Millars 119^7) classified insect heraocytes ae follows! 
11) proleacoojtea, {2) yotiag leticoejt©.®, O) phagocytes 
Caioro- and aaeroaueleooytes of Paillot), (k) leucocytes with 
granules ©f f&Timm sises, C5) old leuoocytes, and {6) oenooytoids. 
Millara groupsd into om category the leucocytes with granules 
and tlie oells with spherules C'oellule a spherule**). A sorae-
irhat sifflil&r grouplag was mad© by Betartoea (1921) who placed 
the "granaioeytoto&stg, ® •^graamlooytes, &nd "rhagioplasts" 
C*exploslfe eells* of Hardy) of the ertast&cean Aistaous und®r 
the term "©rytkrobl&stoid heoohistioblasts." It appears that 
the **eell0 with spherules* of iasiets are equivalent to the 
QTuptlm cells of FrottBia {Xeager, 19^5) t in which oaae the 
"apheriiles^ txplod©. It is ob this basis that one oan dis-
tlngalsh hetwetu the eoarg0ly*»gr«.hmli5.r hemooytes {cystoeytes 
feaehrio) whieh to aot $3£plode aad th© cells with spherular 
iHoluaioiis Ceellalt a spherule or the eruptiT© oells of leager). 
fh© cystooytes of feaehrio are, howeirer, very labile cells 
and <io di®lat«gr&te if the heraolyaph is not fixed, but the 
iiioliialoa® C'oysts") do not explode their contents into the 
heoolyittph as do the eosinophilie vesicles in the eruptive 
cells of Prodenia. CXeager, 19^5). Hardy (1892) believed th&t 
the ©xplosiv® cells of Astacma (•'fhagioplasts'' of Betancea, 
1921) liai th# of ingesting foMign lattfir and that they 
also B@t&nee8 (1921) oonsidejred 
Bbera to lj® se®r#torj Ctrephosftio?) • 
HI 
t). c. d. 
Fl.gin»# 1.. a, dfstoe^te tpom Fre<g.#aia eriaanla (redrawn 
from ftiger (19^i'5h 'fe* ©rstooyt® ffeifteb^lo ' molltoy: e, 
plaaimtoeyt® with 'fm gT&mlBB iii fenetorio aQlltori "a." an 
eniptlf© oell ®©sljn0pii41i© fesidles Inmot - froa 
lADly^ygaa Figure 4 la somtwhats enlarged. All 
flg&Bs • $1 i^iiy' aiagr&sMfl.11®. 
WMle the coarselj-granmlar lieaocyt©© (eystocytes of 
fea©ferl#) m&y tet tiie ©'^olwtlomrjr prectiraors of heiaocytes with 
B'pUBTul&F Indusiotts eruptive cells of Proaenia (Xeager, 
X I9i|,5| it appears wise to distlsguish laorphologically and 
perlispa plxjsi©logimlly between the two, and indeed It la 
interesting to note that Millara in hla Illustrations does 
distinguish, tettireefi tiie two. 
""1 • •" Freswm&'bly t&c^ •• spherule®* h&fe been observed to develop 
froia eoslaopMlie graatiles "by foriastion around them of a 
'basopiiille stibst&no® (Ijieteman, 19^9# p- 306). 
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B. Fnaotloas of Insect lemooytes 
1. geao oy topo i.ea i8 
llraost all worker® w'iio h&re studied the heroocytes of 
Inseet® report th® presence of aitotioally dividing cells 
CM.P.O. ) in the heiaolyapli, and It is generally agreed that 
intrahemolyiifto. raitosis aecounti for the maintensnoe of hemo-
eytes throughout the life apan« fhe presence of mitotica-lly 
dividing cells in the hemolymph does not fey Itself rule out 
heisocytopoietie drgs.n@. It 1© known, for example, that tunicate 
blood cells aaltiply by mitosis in the hlood, as well as from 
nodules in the hody and gut w&ll ((Jeerg®, 1939 )• A few in­
vestigators iCulnot, 189^J Barratt and Arnold, 1910; Paillot, 
19331 Muttkowski, 192^ liiller, 1925; It-iasaki, 1925) have 
reported «altotic division in inaeot htraocytes.^ Only a few 
workers {H&toer, 1926s! tez&rtnko, 1925» Smith, 1938) <aid 
not find mitotic division in th© hemolymph. Lazarenko (1925) 
reported mitosis only %-lthin a heaooytopoietlo organ in the 
b@M region of Oryetea Imrvae. Jaclison (1939) cJemonstrated 
mitotic division in the heaocytes of Smith's Perjplaneta* 
The Bioat cofflprehenslve study of mitosis In insect henjo-
oytes is that of fauber (1935)• H© writess 
I jiii )ir •.i«il»Ui:iir/Di"r"-ii.n.^ mm!J irTTii.rr-r ).i ii i.^ ;ir ilji ' .iTfir/.. ,ji,. i.i. nmiMii i i i .1 
lollmann (1908) considered Ouenot'a amitosis to be 
nuclear frsgaent&tioa. 
Wii&t gets tlm altotie Bieoimnlsra to working 
cannot be expl&lmO. st preaeat.. ..Since it seems 
unlikely that this iRtect Cya.ttfe orienta.li.8) 
hm definite ©orapact liesidpoIeMe tissues, th© 
«®eli&nlaa probably wowld not be eompamble to 
that whicli @ti»Ml&t©s the bone marrow of verte-
brstes, Heraopoietio activity is move probably 
aiffuset throuf^howt the clreulatln.g ceile of the 
iaseet. (p. 202.)  
fsiiber (19351 ws lat®r««t@d in Haiiiaiett'e (1929) theory 
that the sulhydryl radical probably aeooants for the essential 
stiiaulns to aitosls, and he showed that a number of sulfur 
contaihlm? subst&acei wottlcl produce a rise in the mitotic 
index of hemoXfmph cells in th© ©rlent&l cocliroaoh. 
fa«b©r (1935) calculsted that in the oriental cockroach 
the telophase duration wss s,pproxlaately 6 times that of th® 
atetaphaaej 1.7 times that of the an&jjhase, a.na 1.2 times that 
of the prophase, fatiber also foiiad thet cells of all sizes 
and types apparently dlTided by aitosis but that sorae of the 
¥@ry Is^rge oellt aivited ftlreqtly. 0ut of 511901000 cells 
couhted, this worker reported the presence of only 245 dlreotly-
dlfl€ing cells. 
iorml ro&ohea (B. orieatiilis) showed M.D.C. (mitotioally 
dividing cells) ©oiiats which raaged between 0.0?? and. 0.5^ 
(Ti&uber, 1935) • j^eeordlhg to f&uber (1935) t 
M.S.O. cottuts ar© not affected by such variables 
as sex, age. . . , fltictmtlons of laboratory teEiper-
stmre, egg f®m&tio.ri and ovi-oositioii, or slight hemorrhages 
oohooiiitant ifith the- obtalnia of the necessary he.inolymph 
iaaples. (p.  225.)  
In. ficMltioE, famber also showefi that M.D.O. couats decreased 
Ijefore and after eodjeis b«t tiiat there vas a return to 
ao-riiml approxiisstely 5 Says after a a©lt.. According to 
faitbeT, gluoos® i.njeotioiis did not afftot tlie M,.D, 0. count, 
Mt Alaitrophenol sari llijroxiE insreastd it» He found that 
Injeetions of n«tri#nt brotli, peptone, •s.nd insulin, for ex-
srople, prod«,0®d ©ownts. Tlie liighest oount reported 
W€ia 5*3^* 
llaltimsleate cells K®re ohmrre& bj* fautoer (1935)» some 
•wltiii as ffiRiiy as 6 •'nuclei,,*' whl^n lie oonsidered to fee the re-
fult of nuclear dlTiaioa not followed by the usuallj norra&l 
cyt-oplasaic sepsratIon. 
i¥,ill0t (1933) soasiderea the karyokinetlc reaction ia 
insects to be «oaaeote€ with an imiunity principle. He showed 
that a nusiber of Lepidoptera whidh are not able to produe© 
la rise in ifiitotieallj dividing ©ells were highly sensitive to 
infeetionB. Paillot olaiaed that the BsaGromiQleooytes eeoreted 
antibodies sntsgoaistie to b&ottrlal development.. 
SraiR (1^39) atudled the effeots of oolohieln on the 
hemocyte0 of Ffrii>Xi.n$t& Raerio&na. H® noted partial clwmping 
ef heraocytes and th® presence of pycnotio and liaryorrhetic 
Ruolei within 5 to 9 hours. He also noted that hemocytes 
phageoytoifd the degenerating nuelei snrl that laitotic activity 
re&ohtd its height 12 to hours after inject ion. Five days 
later Irmin fomnd that &11 of the hemooytei which showed 
••18* 
oytoplssiilc mouolstlou were pycaotio or shoved aeTOro 
.Impyorrtiexls. 
It ia widely reoognized th&t aitotio a-otlvity is & 
rhytiiale -pheriomettoa ^Itii pex'lods of rest and aotivity and that 
aueli periods obTlottaly ifttroduoe aa important source of error 
in studies, of aitosis, 
lfeteJ3.&ra fl9l8) reviewed. Boim of the Tast literature 
eoneerfting anitosia. H® writes? 
jlaitosis, ooomrrlng In aeereting or reserve-
fomifig ©ells, aad in .otiiar eella of slail&r activity, 
Hi&y bs^for the purpose of seeuring an irtorease of the 
n«cl©a.r suTtme to ia©©t the physiologloal necessity 
tO' actift aetsfeolie interohanges between the 
nucleus aai sytopl&sia. .Apparently it is not a 
method of cell li^ltiplleation, nor a sign of 
€®geiier&tiori or mnmmmmi, bat, -Aenever it oootirs, 
It seeBts to inrlieate an Intense aotlvity in the 
vegetative fuaotioai of the cell.(p. 509)' 
2. Fhagooytosii 
Ittdd, liQQut^mn, and L«©ke Cl93^). who have reviewed 
tlri© literature on phagoeytosis, tefin© this phenomenon as 
"the ingestion of a particle hy a liviag cell" and atat© th&t 
it is esseati&lly a surfs©© spre^&dlag phenomenon, fhey 
ohar&oterise the phagocyte as »•& eoMplex systeia. delicately 
responalve to internal and external Influences" and point out 
that «iinfoniital©.t-ea. forees enter into the behavior of these 
rewrtehle eells.» Aooorfiing to these workers," cheraotropism 
is not iavolved since leueooytes are oapshle of locomotion 
19-
onXy whea attaelieft to a solid eurfaaej in other t-mrds they can 
emwl but not 
PoMer (19281 in hit study of pfesgocytoeis ooncluded that 
8.«pf&o0 forces are the priaoipal factors in determining in-
gmt'lon of partioulat^ laatter tmd that protoplasBdo viscosity 
eoiitrols tKe rst© ©f iagestioG. 
flaagoeytosis liaa been widely studied in iiisects and other 
lEirerteferatea»' Faillot C1933) OQiisidered tmt imwoity in 
the insects wliioli lie gtadied Igmprootia diar.yiorrli8&.. Pieris 
lira98i©&® and other®) waa not asaooisted wltli phagocytosis 
and that lns#eta possessed humoral^ rather than cellular 
iaiamitj. M0taliiik®'r ClS>3^i') btlisved that plmgocytosls %'as 
til© ©faief defense seeiianisa in certain inaeots {e.g*, Sslleri^. 
iB.ellontlli.) w'liicli do not possess antibodies, siggleswortii 
119'^i'?) considers aataral iasunity to bacteria in inaeets chiefly 
a phagosytle isamnity,^' 
Eow&leTsky CI887I belleTed that the hs-mooytes were the 
&etlire agenti in the tertaMowa and digestion of larval organs 
^See a eoatr&ry opinion, of Piiilipsborn (1930). 
%ntilaQa.ies are oonoaivetl of aa subst&nces which senBltiae 
Materia and lower t&e lenoocyte-'feaoterial Intsrfacial tension. 
Antitooclies o&iiss swelling of itleroerganisms, lysis, agglutina­
tion, nemtr&ligstion of toxlts tsroduots., and sensitization 
(Boyd, IW). 
5pMg'ooytosl0 of .Paoupipoooo.i in Tertebrv^-tes is due neither 
to ©pgonlis nor to capsular" injti'ry. fhl» phagocytosis in the 
ahB&nm of antibody h&s "tosen demonstrated both in the lunge 
and in other fixtd roat©rials in the rst fey Wood., Seiith, and 
Ufttson (19^+6). 
"•20» 
in eertaia 0ipt®m. fie also reported that th© nephrocytes 
were piiagoojtosei. during metariorphosis in Oalllphora. Ito 
II92I) indleatsd that .dtaring aetamorphoBia of Bdmbysc morl 
the hemooytes Ettaek©d and testroyea the bRsement membrane, 
aufnag©! {1^16) oonsiterei. that ph&gooytosis of so®© of th© 
fat e@ll8 in UFmnom^utA took pl&e® at pupation, but Schmieder 
(1928) suggest# that it is more probable that the fat cells 
ujadergo dissolution, not phagocytosis, traumatic fat-cell 
disintegration has been described by a nuaber of t^orkers in­
cluding Ferez (1910) and. 3noagr«s (192^4-). Mercler (1906) used 
carmine injeetlons to show that hemoeytes inmded only those 
fat cells ifhieh had already ruptured. Berlese (1901) and 
Snriquez (1901, 1902) also oonsidered that Insect hemooytea take 
m part in the aotu&l br©a,Mo%m of the fat oells. Parez (1910), 
h©w@T6r, deseribed phagooytosie of intaet thor&oic fat cells 
Pollstes. Sellogg (1901) did not find phagocytosis of fat 
00II0 la tipulids or in Holorxiais, but h® did observe it in 
B6-i>harostra« Ferea (1912) did not find f&t trauimtism in 
Poliatef. f&t«-o©ll dtgeneration has been described by Terr© 
(1900) and Anglas (1902). Angla^i ©xpressed the idea that the 
f&t cells degenerate due to the activity of hemooytic enzymes 
(••lyooytoais"). Xmma (1924) states that "it phagocytosis does 
not, h@w0'rer, appear to b© an inmriable attribute to aeta-
ifiorphosis, and in certain o&aea, tissue dissolution by lyocy-^ 
tosie or other processes preaumably obtains." 
\ 
•"SI* 
3* Otieaotaxis 
Wells C3.925) regaMed the letteocsytt as a passlT© drop of 
fluic! controlled "by Burf&m forces. McC«tcli©on writes: 
^fiaia eoseeption of tiM letskoeyt® as a drop of liquid behaving 
passifely is aot la aeoord with, present day conceptions of 
the stmoture and mode of motion of the cells, for ameboid 
Biotiofi is now e3cplaln#{l by Host workers as the result of 
reversible 8ol-g#l t rsn® format Ions." MeOutol-ieon has defined 
oliem©taxis as "a reaction Iby wliieh the dirsotion of locomotion 
of eelle or organisms ia dettnalned "by substances in their 
envlroiment, mn& h© has shown that this response is super-
impoaefi upon, but cloet not sffeot, the ameboid motion of the 
OOH0. 
Mhlle it ha® bttn widtly assweS that lenoooytosia is due 
to ciifaotaetie attraction of th® l©moocyt®s, there is apparent­
ly no ©Tidtnc# for this ssstaaption. In fact, histsiaine, vhX(^ 
e&iisea letioooytlo emigration. Is not <ti©motaotlo (McGutcheon, 
m 6 ) *  
k, Athrooytoilg 
Athrooytoais or micro-phsgooytosi® (Q^rard &nd Oordier, 
I93I1.) has been shown by a auaber of %forkers to he one of the 
,^It ha© also heen shown that after th® leucocyte appro&ches 
"baeteria It almost, or completely, cesses moving as it begins 
phagooytosing. 
iaportant fiinotlons of the perlc&rdisl cells and the oenocytes 
of laseets. fhe literature on the perloardial oells is @x-
teasi^ely reTieweS hy Holland© (1922), and Uxe literature on 
the oett©oyt©0 is discussed by Se# (1911)» Stendell (1912), 
and Albro (1930). The perioardi&l cells and the oenocytes 
art oalj physiologically relat#d to the "blood cells; ss 
stentionet ea-rlier, it is generally agreed that th©y do not 
hate h©so©jtopoi©tie fanotlon®. 
Smntz C1908) jteseribed the pericardial oells and oenooytes 
under the t@r® "kidneys of accaraiilatlon." Ri'baucourt (1901) 
referred to thest struotur©# m& nephrooytea* itoong oth©r 
Arthropods, analogous structures have haen referred to as 
^phagoeytio storage organs" (LoQhhe&d and Loohhe&d, 19^^-1)• 
lyteiaia thei© storage 6©11® apparently senre to Ingest hlood 
©ells, In addition to their other functions (Loohhead and 
liochhemd, 1941 )• It has not heen shown that they aot thus in 
inseots. 
trass® and L©sp®ron (1935) proposed that the oenocytes 
and the pericardial mils be oonsidered as analogous to the 
r®ticttl0«endoth«ii&l aystea of vertebrates. l.esper-n (1937) 
pointed owt that this so-oalled "reticulo-endothelial system" 
of inseetf i& §, physiologieal snd not a morphological concept. 
tesperon (193?) aade &n elaborate study of the "reticulo­
endothelial systeii" of the silte'ora and, concluded that the 
o©iioeyt@fl and perioarti&l cells in Lepidoptera are comparable 
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to •fertie'brat® athrooytes;^ tiiat they form a complex cellular 
systein Kiose elea©iits» altiiou#i not eabryologlcally related, 
ar@, aefertheles®, related to eaeh other through their affinity 
for eleetronegstiT© colloids Cdiaeftsions 6.2-10.2 %); and that 
till a system plays a rerj iaportsnt role in the Insect. 
iQftger e|_ iXPi'Z} ©xprtssed a similar opinion concern­
ing the peric&rdlsl cells, fhey ^^rit®j "Behind or inside this 
Integiaaeatsl toarritr esosktleton operates a ctlluler defense 
aeohanis®, which n&y act dlrcctly by phagocytosis. Thoy also 
refer to the c©llmlar defense by antibody or antitoxin fonm-
tion. lolland® C1923) considered the ncphrooyt®^^- of lepi-
dopterous lasrrae to he primarily "detoxification*' cells. 
Wigglesworth ^1933) reported that the pericardial nephro- , 
cytes toolc up heaogloMn ®nd conwrted it into biliverdin ao 
that the cells appe&red & bright gr®en in Bhodnius. Scatizzi 
(19361 has diseusstd th® pigments of the pericardial cells of 
insects. Sag®l Clf2?) a&d® dye injeotiona with a mioromnipulator 
and olsserved various dye-filled ©ells for variable periods. 
Sh® obiervfd that vsriom,® dyes were deposited in granular fora 
only in th® peric®rdisl cells, and th&t even when the cells 
were conpletely filled, Oorethm larva© were still able to 
tr&nsforffl into adults. She mad© the observation that trypan 
r —'— — 
•fertebr&t# athrocytes take m chlorophyll, iron saceh&rate, 
and Chinese Inic Cdiaeasioni up to 1000 A ) .  
biae did not beoome ^isiMe ia Gpr@th,ra laws® until 8 to 10 
day8 aft03? iiijs^tloa. 
KosiariRg Cl930) found tliat! 
Ihe pepte&fti&l oells la the moMqulto and dmgonfly 
attiditt in. Ylve .rewal only apherioal, apparently un« 
$oaiieet#d Tsetioles, But in grassfciopper perioardlal 
e©lli, eTSR under in fitro eondltiona, oonneotions 
betwee« tli# vamieles or at least feranciies into the 
oytopl&sBi, are Bometlmm indioated. Cp. 1X6.) 
5* Igmttnity 
M u f f  i % 9 k o )  has stiMa&riiset lattcii of the literature conoern-
ing iisBmnitj lit th® i»Terttbrate#. 
Metseimikeff (188#) in liis stiidj of a functus infection in 
timvUrnim found two dgfenai're reactions i (1) pkagooytoais of 
eonitia and (2) giant eell fona&tlon siirround.ini!; and siib-
seqttently digestiag ttit speres, Siedleokl (1903), Kowalevslcy 
Cl908)i Cuenot Cl8f5)» e.»^^ others Mme otoserved leucocytio 
gi&at eells in mrious iaT«rtel»«t©s. 
lietalnlikof Cl906) in his studies on Tarious I^epidoptera 
found (1) |)li&goeytosis Cin^luting intraoellular digestion); 
(2) gtsiit ©all forsa-tion; (3) ospsule (alssceis?) forraationj 
ik) teacteri#lytic seeretionsj and (5) antibody forraation. 
01aser (1925), G&ntacuzene (1919), P&illot (1919, 1933) 
and lletalni^QT (1923) b&ire reported antibodies of various 
Mnds in s fiaaber of iiiws't«b»%@8, espeeislly in certain 
insects. Metschni'koft |^(1895, quoted by Qhsn (193^4-^ , von 
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Diingera (1903)# Fj-ederloq (1910)., snd Dr©w U911) did not find 
aatifeoflies. 
§la®@r il92,5) fouuA &n agglutinin to Baoillus paacei in 
the blood of &ctimXy immmiBed gmsshoppsrs. He stated that 
g3E»assli©pper iieaoerte® rartly |d»goeyto@e b&cterla. Paillot 
Cl9i9 "b) TOporttd in a atudy of eaterplXlara (Hoctuelle) 
ID tb&t baeteriolysijM are in the Jieaol^mph; (2) that &nti» 
bodies are not olab-orated laieroiawcleooytea; {; ) that bacterial 
ti»ari«fo»atioa iiato .granules is ooimarable to the Pfeiffer 
phenoaenoni and (ii-) that oepsmle fomstion took place. He 
also aoted that the itaerQatielsoejtea in©rea8e.4 through mitotic 
division. Sl&mhsre Paillot C1933) wport©d that gross bacterial 
accuaalstloRS cans© heaocyte dislntegrstion. As pointed out 
before, faillot (1933) fnpliaiiz^i a pl&siaa defense a-gainst 
baetarisl iBftctions. Hollaaie and Aghar (1928) found that 
the saoroimeieeei-tes of ialleria mellonella were highly 
pimgoeytio for EycoMeteritig tabergul.oaia. 
lollaade (1929) me& the term ^ter&tocjt®" to refer to 
the giant cells of iaseets. It was his opinloa that the 
t#ratoeytes wer® modified fh^pertrophied) macrontieleocytes 
(sizm up to 150 aiera in disaster)j &nd he pointed out that 
while the lasraiaali&n lyaphooyt® in the presence of noxious 
iubstaficss Ctttberisle iafactions) produce® a gia.jit cell, the 
lascronucleoci't© plsceft in a '•similar" aituatiou becomes a 
terstocyte, feratooytes may also originate by fusion of 
litsioeytes. imolmon (1935) ooasidered the giant oells xdiich 
«©!•© foriied la iastoti pRr&sitlz®a by hymenopterous l&rvae to 
lit ••©e.i'oeal fragmemta" froia the gonadal tissue of the iiost, 
Mtlier tiien hjpdrtropfeied toiood eellg. fhis rim, althougji 
it nay Applj te 3itQ.li.to containing l>i»&oonld pamelt@8, oannot 
b« taken m neaalng tiist in otiier insects f^isnt oells {tera-
tocjtea) do not &f*ise f,i»oni hemoejtea, for they m&y be demon-
strs-ted iifi insects ifiiere the Internal eezual organB have been 
i»emoT0d In toto* Jn m&n, giant oell0, which, are aaid to 
origlaat® from *bliral©nt^' precursorsare fonaed. by karyolclnesis 
ifitiiout oytokinesis, mltlEiat^ly resulting in plurlpol&r mitosesj 
these eella mpwmm% true gigantiara and not hypertrophy as 
pointed oxit by SorMfsrs {19^ 6}* Htss© il9Z7) and otiiers hare 
siiowa in retlculo-en<lot.ii©ll&l-blQc:fe&de ©xperiiaentB with c&Mslne, 
saccharated iron, oollolcisl silver end India ink th&t vertebrate 
ateXl&t® liTer cells are tranaforned into giant oells. 
Etrnoff CI926) demonstratfd that Cl&lleria aellon&lXa 
eottld b© passiwly iaosaniaet by beBiolyraph from immune insects, 
arid, claims to li&V© sho%m tiiat wiisn plasms, and liemocytes of 
¥aeoinsted ©aterpillar® were independently used they conferred 
•p&BQlm iawmity. 
6-. gnGi-vpstiiXat iQn 
Chen (193^) ha® ihawn that oystloerooids of Oipylldiiim 
2?" 
m\i8.B a leuooeytoals Cteaecytosis) In infected fleas (Cteno.-
0ei:)ha.liagg fhe Icmeoeytosls (hefflOGjtoBis) develops 
aftei* five d&|-s and reaeiias a aaxlmura on the 8tli to day 
of tli.e iiifeotiQii by' wiiieii tiaie tiie parasite is ancapaul&ted, 
Aseoraing Gkeii, |T>rolieiBocytoid.s, proleu-
eoejtoirle, prolsiicocytes) and. ••%ia:e'bocytes'* Cplasmatocytes) 
are fowad near tiit parasite tor 2 to 4 t&ys and the "amebocytt3» 
fti'iow &!i iaorem'ttd atltjotic p.rollf©ration in tbe i'liaedlat© 
vlQihitj of tiie parasites. Clien claisss to have observed tiie 
a,eta&l iissolittioa of eystioeTOids by flea heinocytes. .six 
§MfB a.tter i»f#ctioa tiie •'aiaebocjtes" wbtb converted into 
tstileii surround tlie parasite and for© a capsule, 
fiiirtj per oent of the porasitof were shown to be encapsulated 
sM «iegtro|"©d. Ohen (193^) also deaoribed a suspension of 
attacJi bj ths lieaooytes during the prepups.1 period.: "At the 
elose of the -prepupal :p©rlod. tbose leucocyte© which have not 
y#t .formed s €efiaite oftpsuie, aMndoa the parasite entirely." 
dien estinatet a tearessa Cwithout making actual counta) in 
the ftunher of heiaoojtesi at the eloee of the pupal period. On 
the 6th a&y of ®,ciult life ths heiaoeytea began to surround and 
ene&paulate th© paraaltei. In. the adult, the oe.paule was a 
thin ¥#h-llke l&yer of irregularly shaped "Hiaorocytes," in 
eontrast to the oapsules of the larme inhere the heraooyt©-
capiule w&s Emmy layers thick. In the aftult flea, the fact 
that 5/i» of the parasites were encapsulated is apparently due 
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to tiie great increase in the siae of the p&rasite (Oh@n» 193^}-). 
One of the mast iateresting aspects of Chen's study ims 
the aeehaaiais of pigment disposal following the dissolution 
of the Sl-Qjlidiu® parasites* Chen oonsidered that there were 
tlirt© roiitss hj which the pigment urns lost? Cl) by athrocytosis 
throttgia pericardial cella and .m&lpii^ian tubulesj (2) by 
eaonistatioa so Chat pigrntnt w m  lost through slonghini^ o f f  o f  
chitia at the nioltj s-nd (3) by migration of pigment-laden 
h.f«ooytes through the iBtestinsl epithellua.^ According to 
Shen, the passage of pi iit may be aided by the shedding of 
iRtestlml epithelial eellt, 
Lartsehemko (1933), study of the encapsulation 
of the eggs of Aiiil&ittis ebeEius in the cabbage butterfly 
larme, expressed th© oplaioia that the cells which surround and 
eiic&Tisulate th® egg® ©f parasites in the heiBoeoel© a.re "free 
aesenchjaatoiis oellsaad are not trae hsmooytes. She be-
liefed that these free meaeiiohymatous oells, ^ fhlcdi were found 
along the "heart" &M th© fat body, could differentiate into 
fat oells^ or, in the presense of foreign bodies, could form 
has been ehovn that in the rabbit the gastrointeatinal 
tract plays only & siaor role in the elimination of lymphocytes 
from the general oiroulation (irf, 
%oliigren (1946) has inclieated that vertebrate mast cells 
li&y dtfelop direetly from aesenchjrae and fom a specialised 
mriety of eell which has its own oharacteristic line of 
deTelepaent. 
^Schseffer (1889) expresaed the opinion that undifferen­
tiated fat tissue eouM produce hemocytos a,nd termed such masses 
*'Bliitblldungsherd©.. •* lArtsehenko did not find transitional 
forias between the free raesenchyaatou® cells and the heiaooytes. 
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seseaoiafaatous coameetlfe tisau®^ about parasites. Tvjenty-
four to ii'6 h&ur§ after egg deposition ske found the o&poult 
surrounftlng tlie tgg to fee imde up of an inner layer of fused 
oells. fhi» layer eoademed and the eella, as Buah, fused. 
file outer layer of tlie mpsule possessed the appearance of a 
retioul&ted syaeytiua., being made iip of eloagat©d cells con-
tainini? yamiolta aad iiairing nyiierous cytoplasmic processes.^ 
Moqoz'^ j-i to Lartso^ienkd, tlie es-psulea oan ere&te a preseiir® 
oa the eggs, oaitsing defoOTation of them. The Inner layer of 
the oapaml© undergoes a gra&a&l progressive eiilarg:era®nt at th® 
expense of the outer layer» which is ultimately reduced to a 
thin rasidiisl band. lMrtsmmBk& concluded that while the hemo­
cytes iifeiy sttrround and be In coatact vith the capsule, they do 
not talc® part in encapsulation, although they apparently serve 
to destroy the oonineotive tissu© capsule in some Lepidoptera. 
fhorpe 1193^) laas veil pointed out th&t the distinction betweea 
Lartsclienieo's free zmBQmhym&tona cells and phe.go©ytlc hemocytes 
is not a tery satisfactory one. Srmin (1939) considered that a 
tni© oonaecti'Fe tissue ms lacking in insects and that the 
h©©.06yt©s fulfilled fimctiona coapsrabl© to the connective 
tissue of the vertebrates. 
^Wigglesworth {19^S'7) states that some connective tissue 
iaembrs.nfs have been ooRsiderad as being formed from the tracheal 
end ©ells. 
2 0spsular stratification has also been described by 
falllot Cl928)» SteiTt (1931) deacribed ®. peculiar pg-renchymtous 
tissue in 0&rmim injected Musca doaeetlca. 
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iPurimm Cl8?2) found hemocytlc encapsulation of Chines® 
ink in CSueaot 11896) foiiEd encapsulation of iak, 
aad Metaloikov iX90B}, who observed capsule forfiatioa after 
introauoing earaine Into gre.lle.rla, believed that such eEcaj)-
BnX&tlon @B!i.a.no@<i difestien of foreign materials. iSrmin (1939) 
and Eies C1932) csonsidered tii&t eacapstilation only serves for 
ls©.latlo,ii., &bA that nielsnisatlo!! Is ladependent of en®apstala-» 
tiOB. lekstein {X9J1} &ntl Eies ^1932) shaved that melaniaation 
of the ^ssp®-ale0 ¥ss dne to tyrosimse. 
liies (1932) sttifllei. the reaetione of sorae insects to 
•hemocoellc traasplaatatlons of mjettom©®. He did not find 
liefaQ0ytopoietie organs, but h® aotefl (without mklns quantitative 
Qount»} that after ihjuries and Implantatione there vas a great 
incrsase in the niuiber of heraocjtes (heraocytoais). He made the 
intsrestiiip- oh^trTatlou that cloaaly p&oked heraooytes occurred 
in nests" in the ertTloes between the tissues. He &l.so 
msk&m the observation that there wtm no great aociimiilv. tion of 
tieraooytes for the first 2 days after transplant-ations., but that 
after 3 days hefaoeytes had formed c&ps«l8s about the implants. 
Forty-seven days &ft€jr rosoh fat tissue had been transplanted 
into til® mealwom, the fat tissue %-ms nela.nl?,ed, encapsulation 
was complete aa'd hoiaogeaeous, and the eneapaulstec. foreign 
•b.0cll#3 were of no apparent hsrfs' to the mealworm. 
f, g.epQ&.yt.e fat bo Ay. i,at€!rrela.tloii8hi.p8. 
Etlfi.tlon« bttween the fat body and the heiiocytea of inaeoti 
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JteT© long b«0ft poiisldeptd to b® very close. Ireiaer (191?) 
stated that Kruger {1398) olaisied to h&re sotually observed 
trsnsittons from .hesooytes to fat bodj cells in fenebrlo. 
Scla&tffer (188$) ©onslderea the fat bodj to be composed of 
0«®sil0 blood cells, m did Berlese (1900, 1901). Janet (190?) 
beli0V®d tliat tlie laaglnal fat body in Musoldes aroae from 
herno^ytm. %t memB desirable that there b© a careful 
r®-lav0stlgation ©f tMs Question sine® raost of tJiese assertions 
se®si to be bastd oa ratii@r Halted observations.^ 
A number of workers have referred to the phagocytic 
abilities of fat body o©lla (liufoagel, 1918; Murray and Tiega, 
1935? Poi-s-rkoff, 191Q). Most investigators, however, have 
oonsiiddred that fat bodj iaelusloas are endogenous. Mamon 
and Xeager (1944) hsve ishown that the heraocytes of Prodenia. 
erlclaiiift la.rvae ©oataift f&t iaolusions, but thej state that 
thes© are ordiasrlly aot called into use. Blood-cell fat in-
clusiofia have also b©$rt reported by lolland# (1911)» Hufnagel 
(19181, sM Roos@booa (1937) • 
Voke CX939) showed tii&t th© fst body may pl&y an active 
role in. the renoval of toxic substsaces from the blood. 
8.« Wound he.&ling.,.&«d regyeaaeratiott 
Wlgglegworth (1937) made s very detailed study of wound 
In the vertebr&t@s., laost investigators agree that 
prlaltive nesenchyBie mn both accept fat and transform into 
adipose tiagiie CMcOullough, 1944). 
Ileal lag la %h& !iejaipt«ran vrollrnxs.. He described the 
iiealiag of a laeeii&nieal injury In 8 steps.* (1) actiiration of 
.surrounding oellt iS iiotari); {2) aigration of epidermal cells 
©rowding til® BitQ of Injury <12 hoar$h (3) accumulation of 
liemoeytes; (^ i^ ) epiteraal cell sprt&iing {thigniotaxls) over 
tiie defect hours); 15) cell dl-rision in the surrounding 
zom to replace til® eiiigrattS mllu (the cell diriaion laay he 
delayed k to 5 days, reaching & peak 6 to ? days after injury^)j 
(6) secretion of a new cuticle,; (?) fonn&tlon of a new basement 
•fsesbrane; &ml (8) return to the nonaal state, frhloh t&rmimteB 
the proems* 
HiggleBimrth, in detorilJiiag tlie hemocytea which accumulate 
at til© wound Bargin within a f«w hours, states that they form 
a solid plug, while other heiaooytes spread out along the lower 
iurface of the epidtrwsl cells. 
teii&renko il9^S) was of the opinion that the basesient 
Bembr&n® w&i foriaed by hesiooytes. H© described epidermal 
rtgcntration in Qryetei COol^optera) as taking place between 
2 connective tissue c&paules which were foraied from wandering 
he®ocyt®«. Migglesworth <193?) showed that in Rhodniua 
(Heiaiptera) the basement laeafer&ne was derived exclusively fro® 
the ©pldemis. 
Cl'936) ha® pointed out that the deolin© in the 
fflitotle figure® follo%/ing wouads is a shook phenomenon. Spain 
and iioeb (191^ ) ®how#d that th® nuraber of raitoses is greater 
in smaller wounds and th&t after closure there i® a sudden 
dtcliae In the huaber of dividing cells. 
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¥lggl@8i«rorth C1937) contrasted tlie epidermal reaetions to 
toiiras with those to incisions in Rfa..QdnitiB. With incisions, 
tixer# iras a vide actifatlofi a©se, while in the case of burns, 
only til© iamedlat© Tioinlty was activated &na there was littl© 
epidenaal piigratien or arowdiiif. In burns, localized m:'itos®s 
ocourred 7 A&ys later; with inoisioRs, laitosea occurred far 
freii the Initial site of injury. Wigglssvorth oonsidsred it 
probabl© that aell-aotif&tion following injury is brought about 
toy oh0taic®.l aubstenets (trephents) and tlmt migration is a 
elifiROtsetic pbemommm* "The subitances responsible for 
aotiTOtion and oli®»otaxii sre protein degradation products." 
Itnkln Cl9^'t'9) indiested tliat is Mfa aren&ria whioh were erushed 
the toxio f&ctor la tfee 8«T©r«lj injured tissue© is similar 
to, if not Identieal, with ne^roain. He also stated that there 
Might well toe an additional th©r®ostabilt factor.^ 
Erain 11939)1 ©tuditd wound healing in the ro&eh 
CP. aaerio&najf, reported that, 8 to 10 days after the sterile • 
©xcision of piests of the body wsll» th© i>=imnd plug assumed a 
eonnectife tissue structure, and hemooytio tissue infiltrated 
the hypoderoal eells but was not transforsied into hypoderra&l 
oells. Ermin showed th&t the hemooytea play the following roles 
in wound healings (1) they fora th® viound plug; (2) they form 
a paeudoepithelittm (Ries, 1932)| and (3) they protect the 
•.ii...;:!;-'!; ..ii ii. lu i • j -h t- - :..r .jm.-r -
•^fhia should not., how«ir©r, exclude the additional possibility 
that one of th© faetors ifhioh brings hemooytes to the point of 
injury a&y the "current of Injury" (Ahmmeon, 1925). 
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iaseet sgaiast foreign infections until tiie hypodermis and the 
new cuticle are regenerated. 
Bpowniag (19^2) in a atudy of Tegenaria a-trioa. (iir&neae) 
tiiat the "graaulocytes** entered the hypodermis in 
MQiinds arid siio>m<3, s©er®tory astiTitlas. Lochhe&d and Loohhead 
(1941) laad© & study of v/sund hesUng in ilrteraia. (Crustacea). 
fkmy reported that, a auMber of d&ys after aias.ll surface v/ounds 
w®re ai&dt, a syBcytial tissue of flattened cell® formed below 
the wouad. fliey write? 
fhis tisiu® haa prtsmatoly toeea fonsed by blood cells, 
perhaps fr©» tlies© wliieh agglutinated together when 
the wound w&s first fo«©d* On the inner side of the 
tisstj® soa© eelli. can be found which seem intermediate 
toetweea the fre® blood cells and the flattened cells of 
the synoftittja.. That these latter cells are not derived 
from neighboring epidersial or ©onneotiir© tiaatxe cells 
is intie&ted hf the fast that around the wound there is 
no gr&diwl oonneotion hetweon the syncytium and the 
adj&cent undaM&ged tissue, (p* 611.) 
f. Coagw.l&tiQii 
leager md Knight (1933) studied heaolyiaph coagulation 
in a niMber of iaseet orders md ©l&aeified thoia into 3 
oategori.ea: (1) thog© t-j-her© no oo&gulation occurs, as in 
eertain loaoptsra* Coleopters, Lepidoptera, and Hymenopteraj 
(2) those in which there is only a heaoeytic agglutination* 
&8 ia some Orthoptersv, liomopters, Ooleoptera, Lopidoptera, 
lyiaenoptsra, and Diptora; and (3) those in whioh hoth hesiooytiio 
sgglutia&tion 6.nd true coagulation occur, as in some Heteroptera, 
QrtbopWmj, Coleopttra, and Lepidopttra. 
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#lairlad oonslciera timt a d@finite proof for tii© 
existtnee of a true blood.ooagwlation in Inseets has not been 
giwa, Leefe il90^4't 190Si 1906, 190?) in his studies on 
sgglutiaation in Oryitaeta concluded tia&t aggltitination was 
(2.110 to ttie sticky eetoplaamic eell siirfacsa and set fortu th© 
theory that this was olosely related, to the processes under­
lying aaeboid ao^ eaents.^  He hBll&ved tli&t aiaebocyte agglutina­
tion in Ligiulttg was ©qmiTalent to tlie agglutination of spindle 
eells of lower T©rt®brat®.g, and of the platelets of ®&mra&l8. 
§lafind (19^1-8) iiio-»ed tJi&t tim presence of oalciuia ions 
was ©sseiitisl for the whole process of coagulation in the 
lobster, wh8fr«as it la toovrn that in himan Ijlood calcium ions 
ar@ neetstary only tor the first phase of coagtilaSion» H® 
lieinoiistmted that loMter coagulation was aooelerated by a 
tissue &nd Mood-oell enzfrne whioh he tertiea ooaCTilin. It 
was originally post«latet that there were two enzymes, but 
• the no-resents of th©^ «ah@anolett.Gocyt©i" of Llmulua h&v© 
been photographed % .Ffiure-s-freslet (1929)» Irmin (1939) 
desoriheft the movements of roaoh heaooytea. toehold moTeraent 
0c<3«rs only m©n th© eslls ar® not floating in the heraolymph 
streRii and is a&alfeit *rhen they possess some surface on which 
to more (stereotropio response),. Leehhead and Loohhead (19^1) 
noted Ih&t strongly narootiued Art^gtla hlood cello appeared 
round mther thsa norisally elongated. Bunting (1928) describes 
%'m priakla-Gell appearsnee of the Vertebrate neutrophile. 
Policard {1926) d©9orib©d aimil&r ao-irements in s&rooiaatoua 
cells. 
tl&Tlnd eould deiaonstmte no differeases between tht enayme 
frois Urn 2 smrnm. It ia interesting to note timt tiiia enzyme, 
weoagnliE,** has m Inflmnm on the coagulation of irertebrate 
tolood, and that neillier throiRboplastln nor thrombin have any 
influeaee oe cdsgwlatloa of oriistaoean fibrinogen. Babera 
(I93S) slioved. that; tiie hemoljmjM ot the southern ariajn'-^orm VB,B 
clotted by neither flbriRogen nor thrombin. CIlBVlncl 
suggest®^ "that tihe coagulation process oould have evolved in 
cdan©otion with the ©volution of the antiboaies of the orga-nisrae. 
Re points out that agglutination and phsgocytoais are both part® 
of the tefenss seohanisa of organisms, e-nd that phagocytosis 
is eatalysecl by a&lciura and iniiibited by heparin. 
10. Glycogen eteg&g# 
Itiile glycogta synthesis and storage oocur l&rg;ely in the 
fat body of insetts, it is established that glycogen appears 
in aany other tissue® as wtll. B&bers (19^1) has shovn that 
the blood glyoogea is almost exclusively localized 
in the hezimftm (16.5 ag./lQO ml. In oells; 0.92 mg./lOO ml. 
in plasms). According to fe&gar and Munson (1941), blood-
eell glyeogen is bell©v©d to b@ a oarbohydrate reserve r&ther 
than & carbohySrat© transport, llaese viorjsera found glyoogen 
ia developing snd mature heaocytes (proleuooGytoids, plasmata-
eytes, and eyfltooytes, bttt not in o®nocytoi<ls or in eruptive 
@@lla) Qf FroAefi.l&t and suggested that the hemocytes possessed 
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mectiBAilsmB for gluconeogettesis and glycogenolyeis. Q-lycogen 
oooarred ia Frod-enla Gystoeytes ss small granules and in 
Proderila. plasmattooytes as fewer but larger incluaions.- Ye&ger 
aii€ aunsoii 1194-1) point out tlist their results support a previous 
suggestion of tlie posslMlity that there is a neurohormonal 
control Khereby glycOfgtsn is stored, laobiliaed, and. controlled, 
fhej have written.: 
that the inseot, like the TOrtebrate, possesses a physio­
logical aeohanlsai wherefey gliicoaeogeneais occur® in the 
blood^oells during allatentarj hyperglyceciia, and th&t la ' 
insdots glyoogenoiysis oeours during presumptiv© starva­
tion hypoglyoaiaia &nd during the endogenous hy-perglyceaia 
of raetaaorphosis. Ip. 2?5.5 
11• Other funotions 
Demiell (19W)* wrklng with Sarcophsga fRloul&ts. Pand 
CSlptera), oiaiias that the oenoeytolds seerete the enzyme 
Ctyrosine,.®©) rtsponalble for the oxidation leading to the 
darkening of th© outlole, i# gives the diaensione of the 
©enoeytoids of this inieot as 35 to 40 mlora in length with a 
nuelesr diameter of 15 ralera* ISiese cells ••are most abundant 
posteriorly toetw©©n the main tmoheal trunks." Although the 
oenocytoida wight l>e souroei of heiflolymph tyrosinase, it may 
to© th&t Bennell is dealing with oenoeytes (ectodermal cells 
Magner il9k?) reported the glycogen content of rmt I'^ite 
blood cell® (r&'b'bit) to he ahout 1% {within the same range as 
that of strla.t«d iiusole). I© also shoKed that glyoogen occurred 
only in gmnulated TAlt© tolood cells and stated th&t the «re-
duelng suhst&noes" In Ijiaphocytea snd blast cells v^ere not 
glyoogen. 
long feeliefed to b® stcretary^), and not vitti true oenooytolds. 
Ihatever the ease, Benaell'a results do not indicate how the 
oxidase pasies into tfae cuticle. 
Ireps and OhenykaeVs (1942), in s st;iJi<3y of the respiratory 
fimotlon 0f the toloorl of Inseots, ehoued that the inhibition 
of the ooaTersion of ^ 2^% 'skater was due entirely 
to the presence of some inhiMtory suhst&nc© in the plasma and 
was aelthtr In the calls nor hound to the blood proteins. 
Mellaiihy (1938J considerod th&t in active tifssiies the blood 
plastia, hamiia# of its ohtaical reaetlon and other properties» 
**asaiats in respiration without itself ofi.rrylng the oxygen; 
this laay well be its laost iiaportant respiratory function." 
It la,clear, however, that there are m oxygen-earryirig 
heaoojtes as aacjli la the ;:ie«oljMph of insects. Heray's (1925) 
eonolusion that "yoiiiig leiieoeytas** in contact with the tra®h-
e®ls3 oxygen and cliatrihiite it to the different tissues 
has tieTsr b®@n eoiifirised. 
Although little experiaental evidence U&a been brought to 
btup on the suhjeet, it is oonoeifeMe that in insects capable 
of antibody production the Jiesiooytea might be sources of anti­
bodies. Doughttry, Ghsse, and White (19'+^i', IP'^5) have shown 
that the lyBi|>liooyte elements ot IraKmaiged vertebrates possess 
significaat portions of antibody protein, and that these imiaune 
^liigglesTOrth |lf33) auggested that the oenocytes synthesiae 
some of the noaohltiftous oonstituents of the cuticle during 
molting Cof. p. 315)• 
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bo'fiies ,are uftder pltui'fea.ry-s.drertal-cor'tioai control (the 
anaianestio response)^, laoag tiie stimuli bringing about this 
rs-spoiise are iieraorrlmges, non-epecifie protein injections, 
hy-pertliesila, toxic ehenicals, eto. (Boughtery et, al., I9il'5)« 
It would be interesting to know if tiie corpora allsts {inter««-
eeiBbraUs. cardiacua-silatuai s^ steia}, vhtch lias been ooBipared 
with t!i© l'iypotb.alsj!a@-li|rp0pliyss£.l aysteia of vertebrates (Siiarrer 
and Sh&rrer, , exert an influenoe on insect iieifiooytes. 
Xoffey and Baxter showed tii&t iajeetions of the pituitary 
edrenotroijlc hormom eaused s tmrked lowering of vertebr&t® 
lymiAocytes vitliin 3 to 5 houri.^ 
;s. fotal Hemoeyt® Gounts 
IfJi.C.) 
file aost extensii''© series of total hemocyte counts (f.H.O.) 
of insect® ha-re befen aade by faiiber ami Xeager (1935» 1936). 
ffe©!* tuwB shown tiiat the o:f iaaeets, m of vertebrates» 
ig siibjeet to If Ids mriatioai that the aYerage f.H.G. of in-
saota tends to be htghtr thSiS tli&t of mammals j ths-t females 
M&v© hii?her oounta than males,; that holo.ffletabolous insects have 
" .'""'"•I""'" ' r uiiiiiijiiii •>« i ii.i Mi.i.iiiiiiiiiir.i»i i lii .mi 
Bacterial h|"persensitlT©ness r&pidlj returna to high 
19T©1« ©a oont&ot witli specific baottria. fliie is referred 
to as the anaameatio reaction, but it tilso refera to a 
rtntwei. prosluetlen of antlboclies following; contact '.•-ith related 
antigens CBojA, 
^L€?ites s.nd Riaboi# (1928) repoi-^ted ths.t injection of 
©pinepiirine produced & depression in tiae phagocytic power of 
aaoroptiages in rabbit 
hiip-BT. f Ji.C. 1» the larmX timn in the adult stage; that 
lieteroaetabolo'tts Insects siiofi cotmts in the adulta than 
ia the sjmpitsi ami that patlnQlogieal states lasy b© 
assoelatsed a verj iilgli T.K«G. iji both lietero- and nolo-
setaboloua iaaeets, 
Plseher (1936) found & marked lowering of the T.H.C. after 
arseaic polsoiiiag- tii the oookroacli C500 to 27,000 cells/ou. ««».)• 
Ha also reported that HOM produced oounts of 17,500 to 115,^-^00J 
©tiler, oouRts ©f 1^,800 to 82,600; and pyridine, 36,500 to 
107,000. Metie aeld eontrol eouats averagad 36,173 oells/ 
eu. laa. 
Babers (1938) reported & hemocytopenia in Frodenla eridania 
tilat was infeeted with Isoillua oereus (uainfeoted T.H.C., 
30»50-0 e€ille/ou. STO.; Infaeted f .H.C., 1,080-19,200 cells/ 
mi. fiii.). 
Studies of the effects of toxic substances on the T.H.C. 
of inseota are oomplloateA by the tendenoy of heraocytes to 
afffltttinate, spontaneously or othe«=Tis@, ^  vlTo even in normal 
untrefeted speoimens. Xeager and fauber (1932) noted that the 
f.H.O. in Feriialanela fulginoaa mried from 15»000 to 60,000 
f-,:ills/ou. Ml. I and Fiseher (1935) noted a T&riation of ^,200 
ZQ k$,BOO 0ells/om. sj®. In the oriental roach. 
In a study of the Internal effects of tinitrophenols on 
inaeotg, o 11941) found no decided influence by 2,^1—dinitro*. 
^-cyolohexylpheftol oil the hemolywph oells of 3"d&y old 
-.41— 
gyiioayia Besfoldy, $li® f.H.G. averaged 2,623 
eells/eu.. am. 
F, Xnflawaatlon 
laflaiiaa-tlOE is discussed at great length by m&ny authors! 
leOuteheow (194^), Karsaei* (194-2), lleokia (19^0) , ScshwartJSiaaii 
f 1937) I a-Kid f&rhuB (19^3), to mention tet a fm* 
Stelrtisiis eonaiders tlaat iiiflaramtioa ooraparafel© 
to timt of Ttrtetofates csan^ot fe® said to occur in Hexapoda. 
While it is clear that the ^mr&in&l signs® of inflammation 
do not appear in Inseots, neTsrtlieless regeneration, phagoojtoala, 
intraoellials.F digtstion, imaoral antitoodies, and segregation 
do ooeur; tiies© are the fundamental reaotions to injury as 
pointed out by l40Gutcfe.e0a Cl9^s^)* 
Opi© il910') writ©®:? 
throughout th® aaiaal kinf&om, the inflammatory re­
action affords ae&ns hy %?hioh farious substances, notahly 
emjmeBf B.r® Aeliirered in unusual quantity in response 
to unuiual local need, Inflaaaation my b© defined as 
th© prooes® hy means of %fhieh oells and serum aoctiiaulat© 
ahout &n injurious aubstaaoe and t©nd to remove or destroy 
it. In lower animals with no wmmil&r system this 
process with little or no aeouaulatlon occurs in th© 
supporting tissues* In higher animale, it begina in the 
supporting tissue®, proceeds with the cooperation of the 
blood vessdls^ and is coiapleted in the adjacent part 
of the lyaphatic systeia. (p, 22,5') 
%ar intartsttng objections to B&me of M®n&;in*s generaliza­
tions, He© Hadfield and ©sarrod (19^7) • 
^At>par®«tlf' inT©rtehr®.t0 blood vessels do not react to 
injury (Tiohardi and Outkomp, 1945)* 
Opi© has also pointed out that numerous sterile substances 
incite rsaetions which do not ©ssentisllj differ from those 
fQllowing baoterial invasioas. It is ¥©11 known that physio--. 
logie&i saliE© and sterile oliT® oil may cause acute inflamma* 
tioii. FaMlomky (quoted "by Opi®, 1910) hfes shown that the 
dieseain&tlon of Staistaloeooei is guinee pigs is inhibitefi 
or even preirent^ d by prtTlous. Injections of sterile irritants, 
iakahsra (1925) sho%i®d that mice injeeted peritoneally with oil 
surTivtd laultiplea of f&t&l dotes of StitishylocQoei and 
Pneuiseooeoi. ami he indicated that thia reiistanc© was due to 
mcroph&ge aotion. 
Pictures of inflamMstion ©iJiibit one of or a combination 
of the following prootsses: Cl) exudation, (2) proliferation 
of tissue oells, (3) iieorosis, or <4) autolysis and atrophy, 
fhei© may oeour eoaplexly in different proportions. 
1-. S3cua,iitioii. 
fo what extent ©jcutotion plays a part in inseot pathology 
is apparently not teowm. Emdation in higher animals includes 
U) ®#rous, (2) fibrinous, snd (3) purulent types. 
2. Prolifemtion 
So»e infl&am&tory lesions In insectfl (Cameron, 193^) 
and in m&n (loQutcheoa, are oharacterised by multiplica­
tion of oellB. la a&n, ohroalo inflaramation is oharaoterized 
hf ooaiieetlfe miltiplimtion, 
3. iecroals. 
The stsbjeot of neeroflis has be^n extenslTelj treated by 
Leptscslikla {193?) • StuAles of .neeroeis are sldeA by obaer7&«-
tloaa of a«cl©ar oiianges in jrieorotio cells. The nuclei aiay 
ehrlnk &nA ataia Intensely bssophille Cpyknosis), or fragment 
Ckaryotrrliesla)» or lese their oapaoity to stain with basic dyes 
l&sry©lysis). In gemml, necrotic tissues stain diffusely 
with 4ye®. 
ii'» Aatolyejg &b4 Atrogfay 
Bradley ( X f 2 2 }  r e r i m r e A  the literature on the subject of 
autolysis arid atropiiy. 1© writes t 
In oert&iE &tmpMes.f digestion of tli© tissue 
proteins is furttier f^eilit&ttd by the fJtiagocytes, but 
in tHese mma ph&go&jtQSiB is a secondary process, 
m& iBist b® pr#o#<l®t by the initial steps of autolyaia 
or post-mortem elaangts protuoe oh®motaotic sub* 
stattoas attmetlT® to the plmgooyt®s. Ip. 415.) 
Gaiaerom 1,193^1-)» s prelialmry study of inflaaiaation 
la fell®gi«- melloaallfe. oonaitered tlie phagocytic tissues of 
tills insect to inelute 3 dietinet types: (1) the hemolymph* 
(2) the periosrdial dells, and l3) eertain oella of the fat 
body. •Q&mepon clasalfied the hesocytes of Q&lleria into if-
typeii ( 1 )  lyapiiooytes, 12) leuooeytes,  (3) spherule cells, 
and (fy) Oacieron noted that the proportion of 
lymph©eytea" mpidly iftert&sed during pli&gooytoBla, but re­
turned to aoriaal %rjien tlie forelg;R aateri^il had been remoTsd. 
He noted tiist large particles and fescterlal "msses" wer® 
qiiiekly el»ped &M surro«aded bj hemooytes and were enoapGulated 
st the ent of 2% hour® ioontrsMt these findings with those of 
Rlee (19325, Eraia (1939)* &sd Lsrtachenko (1933). 2:n baoterial 
iafeetloM, Qmmron fouad that thsre ias.j be (l) active phagO'-
cytosia ¥itfe TOiipltt® destruotioa of the baoteria (Pnejaiaooocous^ 
0t atiliylo so CPUS amreiii» H.ea0p|ii4.tts l (2) actiire 
phago^eytosl® wltliout d®«tractlon of the baeterla resulting in 
the de&tii of tlie inieot Ciro|2^ wlg&rls 1 B&eillus laycoldes) j 
c3) pliagocytosie. with survival of baoteria leading to death of 
the iiiseet wltiiifi a fm AafS Cglo.stridiTO ?feXGlill.. StaDtorlocoooua 
woigQR®8 albms) J and aliglit piiagocytoels with destruction 
Qt the bacteria (Baelllftg tyr^osus. Baeillug dyaenteriae. and 
fibrio eholerae). 
©laser Clf27) rtijortsd that the tolood^-oell picture was a 
useful diagnostic index in following th@ progress of poly­
hedral vir&l diseases in infects. lot's (1933), ®- ca,reful 
study, XxmestigmtQA the blood picture of the siltororio in 
wpebrine* and reported that in diseased larvae there vb.b an 
absolute and relatlT© inere&s© ia laioronucleooytes, a relative 
iaersase in the nuiiber of heaoejtoblasts (prohemooytoids) and 
of oeneaytoids, and a deorease in spherooytes and spindle 
cells. Sots also ref©rr#d to the preueme of binuoleat® 
oenocyteliiEe cell®. 
45-
(19^=^0) is of the that the carriers (diluents, 
apeels-i solTents, eto,) of poisons oarinot be neglected in 
pliysioloeieal studies of insectioldas, aftd that each oon-
stituent: of the mixttire, ttiougli non-toxic in Itself, raight well 
ediatribute to tlie toxicity of the wliol©. Few studies have 
been aade to mhov what effects oarriera might have on the 
c^ -tology or piii-ilology of Inseets. It ie generally aesumed 
that as l0ng as the external betevior of the control insect 
remiiis "riorpi».l*' no mtomrt effects resulted. 
UiiVBt Cl9&3i has written: 
the bulk lntBpim.1 bloptos© of an iaseot is 
taseatiallj aqueous. tHies a aolutloa of a drug in a 
Roa»e.qHe0us darrier Is injc^etet Into the heraolyaph, 
coiapllmti-oms iilgjit arise owing to the possible 
laflttenoe on biologle&l aetiirltF of drug distribution 
bftwesR tti© wtualiy iaiaiscibla lieffiol|-mt)li cssrrier piiasea. 
(p. 390.) 
t. Sffeet# of Hemoriii&gt 
OaiaeroR ^193^) studied, tjbe ®ff®ots of heiaorrh&ge in 
Hallgria laell.oB.tlia and in aosie otiier Lepidopttra. Twenty-
four iioure after lieiiorrli&ge lie fouMd the proportion of 
l^yraplioojteg'' greatly laeresseA; tlie "leueocytes" relatlTely 
deorea-sedi end tlie s^pberule eellg'^® unaffected, Oaraeron did 
not find evidence of prolif©ration of cells lining the body 
©RTitj after li®iorrb.&ge, hut lie not#cl an inor©aae in the 
Bunber of ©itotio figurie Cln "lykpbooytes*') &nd warned 
&g8,iii8t interpreting too muoli from experliaenta wiiare blood 
ms for blo'ocl oaimts and. where toloorl oozed from 
wotmfi pmeturas^. 
M, rnimk 
ao"binsoii i%f29}  studied, the effects of surgical ©liock^ 
on laseets. fi© wpiteil 
^®ien liiseetf &m pierced, cut, or injured an effect 
is prodtieed mpon tliSBi that maj be analogous to 
3u.i?glcal siiook ia liifftier aalraals... fills I0 most 
tTldent: in the rapid oixange that takes place i.n 
til® i?at®r relatioas* Sine© In eoae pliysiolog;l0al 
deterialimtloRs iajury to the tissues is uns-TOidable, 
til© data obtained ma^ not aoourately represent the 
eoRditlon in normal indlfidual®. (p. 7^ 16.) 
Le Fage foimd tSi®.t mts ..In. ..shoclc ahowd greatly 
ele¥&ted iaorganlo pljospliate and laetlo acid; depleted glycogen, 
AfF, &.Ml |dioaphoo,reatinej and an afenorrasl accumulation of 
piiospiiopjmi'ric acit. 
I.,, f&e MfmtB  Gf  f a r iom Agents on the Blood 
1. Saliyie^ inie.&lie'Eg 
Scott CI9I6I hm aliowB that tii© dilution of the blood 
in wrteljmtei witto ©itber iaoto«lo Binger solution or salt 
solution, will ©amse t!t@ felood cells to lose protein iE addi« 
Ilo©B C193''6) 'm,B clefiiied shook ss "a circulatory deficiency 
wniolfi is Bot cardiac or msoaotor is origin and, which is ch&r-
aeterlxed by a. A&Qvmm^. irolume of Mood, t)y a decreased cardiac 
output aad fey heaoeofteenttration. " Cp. 325.) 
tion to aoa-pr-oteln nitrogen. 
Ponder and Ms-dLeod (3.93B), viio Injeeted 300 co. of sterile 
111 SaOl into rabbits, s-tateJ 
tfe iiaw ittjeeted 1)% HaOi, and a balaaced Pdnger's fluid 
Into ttoe perltQuml eafltj, without noticing any dif-
ftrenoe in tit© ©midatsa wliieh result,. One would expect 
toxi© ©ffeeta to result from the infection of stioh. large 
qtmatitiea ©f Ka01, Mt we iiaire nernr observed such. (p. Ql^O.) 
files© Morkem noted itweria® rmm'mrs of polyiaorohonttclesr 
leuoocyt.ei in exudstee frosi their rabMts. Tli© numlser con-
taiaet la a single esuclat© exceeded the entire number original­
ly calculated td be present in the circulation, 'fhey showed 
tliat repeated injections eaiiseci the ma.rro« to release younger 
®nd younger eells so that the polyraorplionucle&re were finally 
repl&oefi dj aetaiayeleoytes aad syelocytes. 
2. .Bistilled water, ia^le.etioag 
la studying the effeets of distilled water injections, 
MetfeteTa oMaiaed a markesfi . hyperglyoaaia in inseets, 
Imt eoiiaidered tiiis d.tie tso laeefcanical ii^ritation of the needle. 
Rutli il911) iiiowecl. that frog® wlilcSi were injeoted with dis­
tilled water showed great sooeleration in, epithelial pi'olifer-
atiott. fstetsuii 11934) has described in great fletail the in 
Titro effeets of distilled water on tiie aoebocytes of tlie 
oyster. Sfiplnoso, Berg, Jobllng C1926) shoi^eci tii&t, in 
rabbits repeatedly injected with distilled water, there was 
a deorease in erytiirocytea bat tiiat 'the total ami differential 
wiiite eoll eounts were normal. 
3. iRcllg.- ink InJegt^ oRg 
Msgao C1920, 1921) laad© an extensive study of the fate of 
India Ink in TOrteteates. Be found CI920) that India ink 
iftj©eted into ttie blood, is deposited prlmlp&XXy In the endo­
thelial sells of tlie liver, bone m&.rrou, and spleen. The Ink 
was foimd ia tlie splenoei'tef snd -was found, irregularly in 
tlie otlier organs mentimei.. He also otoeenred ink in the endo­
cardial sells &ad in lymph mde mediillsu fie noted the pregeno© 
of free laic granules in the blood BmBraX hours after injee-
tlona of large c|ttaiitlti®s. Folya©rphoii«elears and mononuclears 
contained India inlc •*'gr&nwle§'*'j large lympfeooytes took up 
granules only osessiomally, wiiile 1 Ijajjiioeytes never toofe 
uip inis- fhre© to six hmx'B aft«r iiijeotion of ink euspensiona, 
p©l|'i»rpiioiiw.ol@sr leucoojtss ("ink cells*') increased rs.ptdly, 
feeing most mmero'tis six iioars after a small dose and twelve 
IwuTM mfter a largt dos@. lagao fomad that th© mononuclears 
of the liver and spleen retained infe p&rtioles for a year* and 
he sugg-asteft that they imre perhsipa retained for the rest of 
the life of the^ animal. Meitiier eo8inopl.ill©s nor mast cells 
took up the inls* While he i#as tinable to shot? that India ink 
granules were tlsoharged froia the hody hy anf particular organ, 
he stiggested that it was possible for them to he carried from 
the hsdj hy saigrating phagooytes* Se later showed that inlc-
Isdsn phif-goeytes vm® tinable to migrate C1921) and reported 
tiis-t p'olyaorplionmolear leucocytes Kith Ink pg-rtioles were 
gr«atl|- tiaiMsMd'la mmhBT 48 hours after injection. In 
tiie "ink cells," "Taetiol^s developed at tii© periphery of the 
p&Tt lQlm,  fliese vacuoles ooabined with other vaouolea to f o rm 
a la3?ge oytoplasiilo fiefeot wliicii apparQntly destroyed the cells. 
fiiree to 6 liQum after large inlc injections, M&gao ob­
served a destinction of poljaorpliomiGlears and mononuclears 
a.nd. noted tlmt abnoMal eells appeared a few hours later. The 
most issrlied alterations appeared in the laonomiclears 3 to ly 
days afttr large Ink Injeetiona. Hagao caiae to the conclusion 
that sost of th© calls wiiieli toolt up inlc particles were rapidly 
destroyed. He considerad that the action of the lencocytes In 
ridding the body of li& granules was passive rather than active, 
and that the grsntilei "vmm not set free without degeneration 
or destrtictioa of th© leuoooytes. 
feffe (1938) pointed oiit that India ink exerts an irritat­
ing effeet on the hemoeytopoletie organs of vertebrates. 
Jungeblttt ant Berlot (1926) not©€ sever© injury in vertebrates 
inj@-®tea with Inftla ink. fhey reported that respiration of 
liver and spleen cells waa isarkedly impaired B hours after 
intravenous inlc inJ©«tloBS. 
4. Heat iaiury 
J#ff®reon {19^5) ftudied heat injury in insects and sug-
festerl that the nltoohrondrl& m&j be the first constituents 
of tiie cell to suffer f rom lieat; 
Prelirrdna.ry iavestlgattoft Cmaialy by supraYltal staining) 
of tlie siltotihi*ondyia of tiie fat body of Oallliijhom 
larrae seems to Inflloat© that while those o'if" treated 
art siaall .dlsep®te glotomles, those of controls are 
generally larger and often aggregated into clumps, (p. 111.) 
Hopf [^referred to by Jefferson (19^1-5)j suggested tlmt heat 
Injury produced enssyme aotifatlon In the laeiaolympli, ami 
ietf%r&oti points out tiiat the effeet Is probably "an tjpsetting 
of enzfm<s h&l&,nm In the tissues" and, further, he states that 
"the liberation' af mitochroiidrial lipoids, therefore, raight 
well result in ein up-setting of the emjim syatema of an animal 
arid IqbM- to irreirsrsible heat injury."^ 
5* i 
fhe literatwr® on inaaitloii aad nalnutrition has been 
extensiTOly re?iewt '|>y J&ekson C1925). He hm referred to a 
fiiaober of poLutB whleh hme a beariEg on the present paper: 
il) on death frora starfation, SBiall fat droplets still ocour 
in the fat cells, in the leueooytes, F>nd in the blood vessels; 
C2) lyiiphold tissti© generally imdergoes atrophy in starVEtion 
^Sameroa In a study of inflaiimtiofiln the earth-
worai fshowed in pr&irlously ink-injeetecl -earthvorma thrs.t one 
hour aftfsr lmrairii5 there ms a definite inoreaa© in coelomlc 
corpusol®i mostly of the "basophilic type"; 3 hour's after 
injury there was an evtm greater accummlation of "blood cells; 
And 6 hours after the injiiry» lufe-laden eorptisclee apT^ro&ched 
the woima. He noted prolifere ;;lon of parietal coelomlc 
ep-itheliua nearest to tho site of injury, with the fornation 
of new coelomio corpuscles. 
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Mltii the dlsappeamnc© of, or clmages ia, th© lyiiphocytesi 
(3) It is elaiaea that in it^rmtion th^ lyaphoid sella ar© 
poof In aaoltoplasit and tiist th® orxroffiatlii saay become frag­
mented in suQh a way as to siaulste aitotics figures {Pycnotioi 
disintegrating lyBphocyt©® %*©« often phagooytosed by reticular 
histiocytes); ify) aniaal® with well-dweloped lymphatic systeiaB 
and rieJily lyiif>hO0ytle bleed ar© said to b© much ©ore resistant 
to st&rf&tion; CS) iat®nse blood, regeneration occurs on re­
ft® ding. 
Amilabl® data on th© hematological effects of starvation 
in anifflsls ar® coatro'rersial. Jackson (1925) states that 
th© Tariability offsets chiefly the blood cell counts, 
the structup© of the eeslls rarely being appreciably 
aodified. (p. 238.) 
le also states thst 
there are also fr&quent and extensif® changes^ in the 
aiffirentisl leiicocyt® count, probably flue chiefly to 
changes in the hesopoittlo systaai. It is e-rident 
that' the niiiiber of the blood cell® in general Thrill 
mry according to the ratio between blood destruction 
and blood regeneration, both of which may be variably 
affeetet. by isanition, la interpreting the differential 
leucocyte count, it mast be reaejsbered that any raarS:ed 
?aris.tl@n in the polymorphonticlears will affect the 
percentage cottnts ©f other Tarieties, independent of their 
ab&olttte"niifflbers. Cp. 238.) 
It has beta shown (Jord&n, 1938) that the cytological 
changes following sts^rration in Japhlbia (frituria) include 
ittielesr enlargeiaent, diatarbanees in nuclear-cytoplasiaio 
•3 Bies© chs.nf®0 are quite Tariable* In man, the lymphocytes 
are u@«ally decreased, the eosinophiles greatly increased. 
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relationships, ani uuolea^ vealailation. Sa&lli/ood (1916), 
whQ sttifilet starmtioa in tho fiah .Amia calm, found that 20 
Biontha of stanratiou resxalted in markeft lowering of both the 
r«d and whit© comat® Ibut In ao signifioant morphological 
d*isages. SellhorE aad Baun 1193?) observed that aoute starva­
tion produetd a definite tendenoy toimrd a progressive de-
ereas® in the |)liag©ojtie index. 
Io0hring (1930) reported, th&t mitoehronArla decreased or 
fliuappearet in starved inseets whioh ahe studied- Deevey (19^<'l) 
in her study of the blood cells of the Haitian tarantula re­
ported thfit starvation for a aonth or aor© oaused the eoaino-
I»hile blood otll types to deortai® markedly. Takatauki (193^)» 
however, shovtd that the granular amobooytes of the oyster, 
Q#trea edulia.. were not deoreased by starvation. Lochhead and 
Loohhsad {19^-i'l) liottd that underfeeding and injury in Artemla 
led to a deoreas© in the nuiaber of blood cells, faylor (1935) 
wrott th&t after prolonged subjtetlon to lack of moisture and 
food the ^•ehroiaophil" heraocytos were the predominant type in 
th© Jkiaerlean ro&oh. 
It has been said that the ti»© of survival in starving 
animalt is largely deptMent on the quantity of stored fat 
(Everett, 1946). It h&a hmn shown, for example, that in starved 
o&ts the fat depots dturtase most rapidly during the first few 
day® and that large ciua.ntitle0 of extracellular water are alao 
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lost, Ssseritlal tisanes are maintained alaosi: until death, 
CSferetti 19^6)* llarpills (1928) foimd tiiat chlorides and 
o&Ielwi dliainlihed in starring dogs but tteat th© electrolyte 
eoapoaltion w&s msinta-ined. 
McLeod (19^1) iiad® X-my stuclies of starving fenebrlo 
lai*me* Daring tli© flnt v#ek there was a gmdual clearing 
of the alisientary canal, fh© fore-int@stln© contained gas and 
air biitJbles whlcsli later appeared in the hind-intestine, and at 
til© end of 2 we®ki gas occupied almost all of the alimentary 
canal. According to MoLeod, tiie mealwora starts to use body 
fat at the end of two weeks* At this time, the mld-intestin© 
siiow® ¥li&t Is describad as an ar®a of coarse eHitilsification, 
will eh Bay spread to tiie fore-intestine, but not to the hind-
intestine. After prolonged starmtion there are enlargement 
and dlstentlom of the ©atire aliTOntary canal until It practical­
ly fill3 the bO'dy oa-Tity. 
flellanby (1932) considered that the loss of weight in the 
atanrlng m&lMom was du© almost entirely to loss of w&ter, 
and that no correction for the rate of ffletabolism was needed. 
I© further reported that during the first week of starvation 
th« mmhmrmB Mm water nore rapidly than subsequently. 
Q-ilraour (19^a) found a glycogen decrease of 0.0^?- rag. per 
graa of imt weight of tissue per hoiir, and a total lipid de­
crease of 0.18 mg. per gram of wet %/eight per hour in mealwora 
larvae starved for 2.5 hours at 12® G. 
Liidwlg (19^6) out the tnterastlng f&ot that "a 
stage vhlGh Ib able to a«rvive & ,r©lstlT®ly long period of 
s.tai"ratlOft is also atel© to eurrlve a relatl'^pely long time 
followiag PBf poisoaiiiff»« 
6, |.nt,m*hegQ3.yisph i.«i.}egt|.das of iaaeets 
Jntm-heaolpapli injeetions hay® feten referred to in the 
literature &b parenteral sad aa blood stream injeotloafl. Such 
inJeetloEs hav@ "beta used hj ruiaerous workgfrs: Miohalsky 
C190S), Orozler C1922), Bteter (1923), Campbell C1926), 
FarfentJeT and BeTrlent Cl93^)» Gawpbell C1932), Hookenyos 
ana Lilly Clf32), Wigglesworth (1935), Molndoo (1937, 
locl£eii|r©s (1939), Riehardsoa and Sllisor (19^!'0), Gheng and 
Oaupbell (19^*0) t Baaabtrry e.t al. 119^1-0), lem&r et al. il9^2), 
Ooon (19^^), Manms&ri (19^1-8), H®®.! and Menm&n (19^^8), 
©any othtra. ion® of thes® Ini'estigators studied the qmn-
titatiw he®atologi©al ©ffedts of the various substances in-
Jeotfd. 
7. Poison penetration through intfgaffitnt 
fh© penetration ©f poinQm through, the insect integument 
has b®@n at«€l©d bj ntMeroas workers? Hookenyos (1933). 
filcoxon snd Hartaell (1933)1 Eidiardson, Slover, and Slllsor 
(193^), sad floTtr (1935). Lepesme (1937), Wooflworth 
(19385,. and raani' others. 
*35'* 
Hurst (19^3) written! 
When drugs &re applied txternally to inseets, the 
prlm&rj eltt of Ar«g later&estlon, irrespective of 
blologlo&l r®apoisse, 4s at the external surface 
of the outlele* Secondary interactions may occur 
at ©peeifio receptors or loci in the interniediarj 
chain of biojtoases (1) balk cuticle framework, (li) 
heiaolyiti>h and aesociated tissmas. (p. i^ -oo.) 
Lepesa® {19371 studied the effects of sodiuis arsenite on 
the hlood picture of achlstocerca A e^mrim Forsk. The insects 
were poisom& hy mntmt, ingeation, or injection. He 
pointed out the following h®Batologioal ©ffecti in poisoned 
insects!^ U) intenie ejtoplasaic Ta-cmolation, (2) dis-
sppearance of cell contours, and (3) chromatic disintegration, 
fhee© ch&ag®ft uBre followed by regenerative processes includ­
ing (1) an increase in mitotic figures, and (2) the appearance 
of very gteiall cells {^yo'ang nuclei devoid of oytoplasii'^). 
hepemte considered tb&t these changes occurred ^riiether the 
insect was poisoned ©xtero&lly or by injection. Injections 
produced Bore striking picture® than xfhen the poison wai 
iage,0t©d.. 
8. BloeMng ..heaO'Cytes ..e-nd resigtsnce 
Te&ger et al. (19^2) itudied the resistance of the roach 
to sodiua arsenlt© &ad nicotine after "blocking" the hemo-
oj-.tea with Qainei© Ink and staining the nephrocytes with 
ij • :j:,, j iv i Tli'^'iiTrr i::.,'',: i: Tn.,,,;,irr-, ii ) ,i , .1 i.Mii. , , , ii 
-'•liepearae apparently did not us© fixation methods prior to 
haiioly«ph sjaea-ring. 
%Tfpmx fbelr studj showed that trypan blue did not 
decresse realstane® to iilootlne. Gblnese ink injeetioiis, 
wfeioii fill tip the heffiQeyt®s, ©lightly lowered resiatanoe to 
nieotirie poisoaing, ftiey alao reported that ink injeotions 
produced a .decrease in tke f.H.G. It was suggested that a 
fmnctioaal loss of heiaocytes oight result from sufficient 
pliago'oytosia of ink, agglatinatlon of heitiocytes.,. and. actual 
reaoml of oireulsting cells, fhr®® hypotheses -were suggested 
to explain the tf&y In wiiicii resiatano® was lowered after 
loading iieosooyttsi (1) ixeaoeytee might otherwise have removed 
poisons froia the heaolynph by albsorption or pliagooytosis, 
(2) loaded henoeytee might iaterfer© i-fith some indirect 
oounteraGtion (hemooytifs might b@ stimulated to antitoxin 
formation), and (3) loaded lieaooytes might be un&ble to 
©ffeetiTOly eounterset baoteria that might exist in the 
heiiolyiaph. 
McSoirr&n #t &1 il9^'J'^)» ift & similar study, reporte<3, that 
lo&dlag til© heaooytes of the roach vrith Chinese ink caused a 
signifisaat retuetion in their resistance to sodiura arsenite. 
On the other hand, onrbon particle injection increased the 
resistanoe of roaches to t>yrethrura. frypan blue apT)arently did 
not affeet .the r8Si3t.&ace of ro&ches to potassium fluoride or 
pyrethrua. 
Y ———— 
^Metabolic disturbances following blockade are discussed 
by PerlSi e.nd Maraorsten (19^4-1), Oataliotti (193^)» Leipert 
(193^)» ahd labbonl 1193^^). 
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9* Sem$-tQX^glml effeetg of ii^gested Doiaon© 
f&rewa ant ienj^okof (1931) studied the heamtologlcal 
©ffeots of feeding soditia to OalliDtaaus sp» fhey 
fottad no slgnifieaiit eh&ngBe in the hlood 2 to 3 houra after­
wards, but aeTtml hours thereafter thej noted abnormal hemo-
eytes. fhey haw described abaoraally large hemooytes, mcuola-
tiOB» irregul&r eell sh&p®s, abnormally shaped nuclei, karyor-
rh@xi®, and pyonasis. These abnormalities occurred prinoipally 
Sfflong their "lejieoejtes." Sodiu® fluoride apparently produced 
no heaooyte ehsages. 
Pllftt (1933)  studied the blood pioture of hoQUBta, 
ajgratorlfe following intestinal poisoning with aodium &ra©nite 
and eodiusi siliea-fl«orid«. He aoted that eren in cases of 
obTioaaly poisoaed iri©tets no significant changes occurred in 
the ^ blood picture. In s&me eases h© noted *'iaore or less visible 
ehsnges"; in othtr cases d-isintegration and destruction of 
heiioaytea* In m&eB of hemocyte disintegration, and presumably 
independent ©f it, he found -rery minute hemocytes (^+-5 mi era 
and a Wgreatsr or leas nusber of aitoses/* as many aa k mitotic 
figures per field.. He considered both of these activities as 
evidences of regeneration. But PilRt found both of these 
phenomena in mrying degrees, not always present, and pre-
fiuuably not specific enough 'to be ch&r&eteristic. He believed 
that regeneration reflected the struggle of the insect uith 
' coiaimred these tainute heEaooytes with Laa&renko' s 
»13r?.©lleii** (1925). 
the poison and d.lA aot oonsicler It the result of direct poison 
aetlofi on the liesooytes. In another paper (1935) -^llat found 
that when to.xlo ©imng@s occurred In intestinal epithelium, 
there was sifoseqaent hemooyte dlaint©gi»atlon, and he yme of the 
Opinion that any tonic condition Intensified mitotic dlvlalon 
and the fomatlon of "uilnut© ©ells." Since none of Pllat^s 
work is quantitative, it la difficult to emluate his findings 
in the light of more exact date auch as that described below. 
One of the most significant pampers on the hematological 
effects of poisons on insects is that of Xeager and Munson 
{19^2) I who hsT^ descrihed in considemble detail the qual* 
ltat3.ve effects occtirrlng in the hemocytes and quantitative 
changes in bXood-cell glycogen in poisonecl southern armyworm 
larvae, fhey reported timt nicotine bentonlte, nicotine peat, 
rotenone, phenothi&gine, and pyr©thrum did. not materially 
affect the blood picture, trtiile blood-cell clianges appeared 
sifter poisoning" %'ith e&lelia© arsenate, calcium araenlte, arsenic 
trioxite, psrls green, lead arsenate, barium fluoBlllc&te, 
sotium fluoaluralnate, soiluia fluoride and mercuric chloride. 
They designated progressive hematological changes as sliglit 
{/)., i!od©rate (//) and m&fkBd (///), f/hioh they characterised 
a,® tolloims Cl) slight (/) changes; (a) rounding up of 
plaaeatocytes and cystocytes, (b) some cell agglutine.tlon, 
(e) occasional spread foras; (2) moderate (//); {a) plasmato-
cytes and cyttocjtes rounded (b) considerable cell ag-
**59*" 
glut last iisri, {c) iOiie ©ell dlstortloia, and (d) some oell 43.sinte-
gratlattj an,<l C3) marisea (a) rounded and spread plasmato-
©ytes ant ©yato^i'tes, Cb) raiacsli eell agglutination, (o) cell 
distortion and •dislateg.imtiicm, (d) reduction. They 
oonsitered th© aoteriite and isarlced st&ges to toe toxioologioal 
and showed timt It was in these stages that 'blood-oell glycogen 
teereased or diB&ppe&rM, 
fmger  and lunson C1942) deseril>ed the following degenera-
tlve oii&nges oecux^i'lng in tiie hertocyte® of Prodenia eridanlai 
ID apparent swelling, (2) disruption of and decreased visibility 
of no,raal ©tructui'ta, (3) acliroffiopliilia, deoreas© and loss 
of toloocl-oell glycsogen, (3) fornation of broad paoudopodia 
C^oytoplasmlcs "britges")C6| plastia formation,^ (7) excessive 
mewolation, and (8) raggetness of cytoplasmic "borders, 
Ntiolear degeneration included; (1) distortion, (2) ragged-
aes®, (3) loss of nonaal stnioture, UO aeJirosjophilia, (5) 
assuaptiOE of mom or leas peripiieral positions, (6) frag-
1 Betanees Cl921| reftrred to the bre&king-off and round-
ln?r up of Isxicoeytle eytoplasiiio fragaents In Aetaous as 
"ciasnjatose," In t't& TOrteferatea thia has be&n interpreted 
by soHe n&rkem &.§ a treiDiioeytlc phenomenon. 
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aentstioft, i?) pfonoels, aM 18) mieiear extrusion.^ 
fhea® wovlmTB saggtsted tliat some of ttie oh&iigea were 
eaiified % direct aetion of the poison in the plasma. Sine® 
they found intestinal ©pltlielial cells In the hemolynipii smears 
from poisoned gyodiaia.. It might also toe suggested tha,t dis-
n^ptlon of the mntlmxltf of the alimentary o&nal with sub*, 
sequent release of digestive enzymes into the hemoooel ralg^t 
tliSiiselTOS injur® heiaooytea and other tissues.^ 
10. Heastolo.g|.e&l effeots of gaseoiia QomoounM 
Shmll, Ril@3r» and Rioiiapdson (1932) studied the effects 
of gaseous eoiipoaads on the blood oelle and their ntimtoer 
in the cockroaoh feriolsneta orient&lla• They reported that 
roaehas treated with earbon dlsul-phlda gave little blood and 
'"•"""f '—" — 
^Ifuolear ccmfluence, oendens&tion of chromatin, fusion of 
TOioleoli,., and witeehrondri&l fusion in vertebrate ly;nphooytea 
and neutroyhilea were considered by Richter Cl9ii'2) to be a.ue 
to losf of water froa the nwoleu© and cytome; and evidence -wm 
presented to show tiifi,t these changjes were aooomplished by &n 
i«er®e®ed proUoplai®!© viscosity." Horning and Richardson (1929) 
ahewed ciircjmatoiysis to h© a specific feature of all cel3s 
unt«rgoin§ aixftMed oytoljeis. they found in their study of 
csllmiar ds^aemtj-oa in flbrohl&st cultures that the nucleus 
l»eii&ia«d relatively mmltered while the cytoplasm showed ex­
tensive ohe.ages iii activity ?ind oonrpositioa. Later they ob-
terved the very interesting phenoBienon in which the nuGleolus 
undergoes '•ameboid movements*' and hypertrophies, 
7 from the aliaentary e&nal .might also destroy 
certain antibodies when released Into the heiaocoel. Digestive 
ensysjee s,re known to destroy antibodle® (Boyd, 19^1-7). 
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eoat&iaed few eelle ttiileii were "much more gr&nmlar than tlios© 
oell® fouad In the untreated iaseots.*' Boadies treated with 
pyridine gare littl© blood, but the sells were reported to be 
"apparently norffial." fliese tmrktr® concluded th&t "it is 
protosMe that letfeal eoncentr&tioES of most gaseous compounds 
do not prodiaee a&r^ed., viiibl© ohi&Eg©s in the blood of this 
iastet." It is.apparent, howeTer, that th© method which 
the©'© worksrs uitd^ could only re*r©al the ®.o®t crude and 
obTlous defects in cytomorpholoiji', total counts# or blood 
TolMe, 
J. Sose Aspects of Cjtopathology 
kidford C19^3) conalders mmf of th© patholo'^ icftl aspects 
of cjtology. Afflong Bome of his considerations, the folloiy-ing 
poii^ts hafe a beariiag on the present work: CD "cellular 
degentration is tht most frequent result of pathological con­
ditions. " (2) "the .iiitoohondria are particularly sensitive 
to p&thologic&l conditions.'** They collect about the ntacleus; 
x#h©ii filasiented they break up Into granules, may become swollen 
or wsoieiilatftd, mltiaately may disintegrate completely. In 
v^lwo, they are fr#qaently converted into fat droplets. (3) 
Oytoplssniio vacmolstion is & frequent sign of oytopathology. 
" '  ^¥ e t  r a o i i a t s ^ ^ ^ w  o i l  w i t h o u t  c o v e r a l i p s ;  e x a m i n e d  
mndsr oil ia»ersion. 
-.^ 2» 
C^) final ohsnges in eell ttg@a©ratlon 3^ vitro involve 
ifhat rtaaliis of the groimd Gjtojslasia," and vital dyes stain 
a^ egeneratirig eelli diffiiatli* wlien the cell colloids are 
irrtveraiblj ooagalat®t, CS) formation of nuclear buds 
Miioli "beeome nipped off ant enolossd witliin oytoplasmic vacuoles 
is sn ea.rlj infiieatlon of sl>Bonfaslity." Sticlear degeneration 
©an omnr with or witliout aeldophilie foriastions. The chromatin 
my coalesce Into irragtilsr iiasse® &s in ksz^ orrhexis or aiay 
undergo lic|Utfs.©tioii as in ksrjolysls» (6) Nuclear and, cyto-
plaaaic enlargtatnt frequently preeedes nuclear disintegration. 
Ludford {19^2) suwiarlzess 
•|ft are left with the concept ion of th© oell as a 
functioBing unit, with its aicroaeopically resolv&ble 
organelle reacting to afenora&l conditions as parta of 
a iiiilfitt " Only the grossest parta of the 
aeohaniaia ar® visibld under the ffiioroscop©, which con­
veys but the cruteit Mmi of the underlying cou"-
plexity* Cp. 260.) 
Swing 11903.) aesoribed acute degeneration of .mammalian 
leucocytes» noting il) incrsf&sed acidophilic staining in 
neutrophilic granules, (2) t©cre&s© in aumher of neutrophilic 
grsnul©0 eflpeeially in acute leuoocytosl®, (3) swelling and 
fragmentation of cell bodies, {k) reticulation of small and 
large aononuolears ia severe toxmiim, C5) achroaatic nuclei, 
C6) nuoltar irregularities, (7) nuclear swelling with lose of 
ohroaatin., (8) teryoritiexls with hyperchromatosis and sub-
ciivislon into lobes Iplasmosohisis). fhe nucle&r change® 
C5) to {8} are apparently most significant in acute degeneration. 
Rieh&rds and Cut&oiip (19^5) io their study of the effect 
Qf T&rlous poisons on, the histological picture of nerves in 
insects eaae to the eonelnsion that "in all cases studied, 
nsrT®® were psmljatd a»d presuiiably dead prior to the 
appeamne© of any abnorii&llties or lesions with the poaslfole 
exoeptlon of chromatin olmsplhg"^ (p. 
Brais© ^  (19^)  found  &n absolute leucocyte decrease 
in Wf treated rsti aed fotind that the lymphocytes fell and 
the hetsrophllea rose, Eichards and Catkoap (19^5) in a foot-
a©t© (p. 332) ist&ted that in cockroaches dying from DDT they 
w&re mn&ble t© fiad aay clear out histological changes in nerve 
cord0, liid gwt ei>ith#li®a, aalpigiiian tuhules, thoracic muscles, 
"heart,® or sephrocytes. fhey uied ar&l, tracheal, hemocoellc, 
and cuticle routes of sdministration. 
Dmr®f (19^1) repsrted the pi^esenoe of "h&sophilea" in 
the blood of siok or womnded tftr&attilea snd the increase of 
thes© cells atoofe aormal percentages^ of 1 or 2^ to 32.d%. 
K, l,iter&ture on fisiiebriQ Molitor 
fhere is an exctedihgly large literature dealln?-^ with 
These worters also showed that "when this clumping is 
prod«c@d by asphyxi&tioa it occurs hefor© death &nd is fully 
rt'Tersihle up to the time of de&th.. 
2 lin&rtd (1926) tmnd mmBrmB leucocytes ^^'ith •b&sophilio 
Spfetrults in the laeunae st the hases of the region of food 
ikgestlon la COrnst&oea), s,nd he also found these cells 
im"coaneotlTe • tissue atshifig aitohg the lagestlnr^ leucocytes. 
mri©i.is atpects of the aorpfeology aM physiology of the meal-
fenetorlQ SSMSSE* follo^fing list is by no means com­
plete but s&rwm t© inaicate the rang© of tiie work on this 
inseot: 
Elley a,iid Howard ClB8f)» Biedermaati (1898)'. digestion; 
Ploteikow (190^) J moultiagi Saetiielage (1905)? muscula-turej 
SttTens Cl906)i spgrmatogeBesis; lollmann {1909)i starvation 
and fat toedyi Sltiter (1912)1 fat absor-^-^tlon; Mabert (1913)5 
eopora allata; Kriz&nmky (1917)5 starmtion and metamorphoals j 
Ireraer (1918)? f&t body &nd oeaocytee; Portier (1919) i develop-
seat la sterile aedia; JohaBseon (1920)5 ^seous metabolism; 
ijp®lite©n-He111 (1921), (19^3) i (192^)1 studies of varis-tion; 
Orosisr {192li') i piiotiu Inkibitioni S'r®d®ril£se {192k): rudl-
!i©ntarj psrt,li®aogeii©8la; friittii (1924)? stxii&l apparatl, pro-
tbetely; Lengerken (1924) j aietsthely; #&d®au de Eerville (1925) t 
regenerfttionj Lengtrken (1925)J odiferous glands and apparatus; 
p&sserini (1925)5 inflttenee of food on growth; Raper (1926): 
presenee of adrtnslln; Bel@r (1928): cytology of nervous systeiaj 
H&lin (1928): effeot of thyroid on gro%rth; feissier (1928): 
starvation; Zateloska (1929): f&t body diiring metamorphosis; 
Buxton, (1930): .sv&porationi SslimlKe (1930)s l&rval adaptation 
to dry eiwironment; Wstasl (193^>)» ©ffeot of temperature on 
growth;: Michal (1931): consumption of oxygen by larvae; Sohulze 
and Beoktr (1931): "fenebrioglyeol"; Lang (1932) reflexes in 
d®ospitat®d Tenebrio; Mell&nby (1932) effeet of humidity on 
aetabollsaj EfB.m (1932) J bio chemistry of metamorphoala; 
J&nda (IS^32): ©ff©ct of rstium Irradiation; fuoolesoo (1933)i 
dariistopic perceptioiij Summr (1933): infltience of gregariii#s; 
J&nda (1933):t o:xyg®Ji eoaauisptioii in larva®; Janda and Kocian 
(1933)5 oxfgen of pupsej EooiSin and Spacek (193if)j 
pS of lieaolsrrapiii B@clc©r (193^1 s fat body during metamorphosis; 
Magera il93^'4' saptioemla; J&n€a (193^-): effect of radium and 
iiltrmi&let light; Poll (1935)t histology of in&lpigihian tubules; 
limclertraark (If31)I AeTelopfiient of win^^-s; Buesmann (1935)'-
®ol©r deftl©pne.itt; Medwatira (1936)? action of adrenalin and 
inatslin; M&rm (1936)? effect of' radioROtiw mud on larTal 
orlsnt&tlon; Llson (1936)i ra&lplghian tubules; Pyenson and 
IseLeoA (1936)? effects of fjjretJmtm; Sumner il93^)* relation 
of gregarlses to growth, and longeTity; Patsy (193^): physiology 
of QTfptomphrMl&i .Sweat (193?)? ©mbrjonie differentiation; 
Sctosilfuss ,11. |i» (1937) t darkening of cuticle; Sohuumsn (1937): 
genetics; Imns (193B|j dietrltoution of nitrogen in cutiole; 
iense (1933)J deteotion of adrenalin; Lafon and Teissier (1939)J 
nutritive requtreraents ^ inanition a.nd !t©tRjioriti.osis; Sv&ns and 
toodliffe (1939)s utilimtioa of food; Quarescsixi (1939): pH in 
pupae; auerry (1939)? biology; Fatton (1939)*. excretion; 
Soiiaalfuss (1939) s oxygen reqiaireaents; Harnisb. (19^^-1)5 anaerobic 
jietsbolisa; M&oLeod (19^1) J starTOtion; Beresiim (19^0)} effect 
©f llg;iits #il»0ur C19^i'l)t anaerobio, metabolism; Munson and 
feager (19^5) i Mood volfiae; Fraenfcel and Rud&ll (19^1-7)1 outicle. 
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III. MAfSfiMLS Am MgfKQDS 
fii© ooamoa yellow atmlwona Tene'byio soXitor Linnaeus was 
itied for &11 the expe.rifflente In this inTestlgation. With only 
a f©w exceptions the larger larirae (sises 20-33 laa.) 'w-ere used, 
mther than ptipse and. adalts. larger larvae yield greater 
quantities of h©«olyii|;&, thus faeilit&ting f.H.C. and differ­
ential hemooyt© counts, from one insect; and, being larger, 
thty can b® fiiore conveniently" la&nlpwlated in some of the more 
involved ppdcedures. 
1?he iaaeets were reared at ZS'^30^ C. on whole meat bran 
stappleiaented with yellow eorri me&l and conmiercial dog food. 
Prior to the experiments all of the insects used were con­
sidered to be noraal. 
A* fotal Heoooyte Counts 
fotal h®aooyte oounts {f.H.C.) from fenebrio larvae were 
sad® in the following manner. Larva© were placed in a water 
bath at 55-^0^ 0. for two minutes, removed, and dried. The 
anterior pair of leg® was out off, & drop of hemolyraph was 
pl&eed on a thinly paraffined glass elide, and the hemolyaiph 
v&B §.mwn to the 0.1 aarl. of a fhomR white cell pipette. 
Minting fliiiS Ifaitber and Yeager, 193^-^) drawn to the 11 
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mark. The tec^mique for whit© ooimta, as it ia used in the 
stytiy Qf ¥ert©br&te letic©ojt®s, %ma employed {Beek, 1938). 
Four sqtmre sailllisettrs vbtb counted on the Improved Meubeuer 
niled hemocytoa^ter. 
With tke raethods @Mplo,T©d» It w&a not possible to laake 
f.ff.G. from IndiTiatwl tidiilts or pupae although & number of 
uttmptB wro imde and several modlfloations tried. 
B. Siaearlng, Fixing, and Staining 
In the iEt.®rr«.l befort securing the heat-fixed hemolyjaph 
for the & ssmll drop of hemoljmph was smeared quickly, 
@¥®Ely, aad thialy i» the oustomary manner on ordinary glass 
0lid©i. fh© &mmTM were sir dried, fhe whole procedure from 
the ffioaent of reaoml of the insect fro© the water bath to 
the eoriplttion of Mi&king tht sm©.ara and securing the hemolyraph 
for counts v&§ pert&rmed in less than om siinut©. Smears 
were uiadt within 25 seconds after reaOTsl. Sme&rs were stained 
prinoipally with Wright*! stain Imt Q-iemaa alone and a com­
bination of Wri#it and 0ieass v&r® also used.. Each of the 
three gave essentially the s&me results. Only a few of the 
smears •were moiinttd in balsam under ooverslipa. 
0. Mfferential Hemooyte Counts 
Biffsrentisl iiemocyte counts were arrived at by randomly 
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eouating 100 hmmoe f tm ,  by oJi.8ol5;in.g this eownt wltii anotlier 
of 100 oells» and, toy averaging the tro counts. This oounfclng 
t®elrmlque Is ooaaidered to gi^e re&sotm'bXjr accurate dlf-
f©re,ntlal heaiGcyte elaas coimts. 
B. Illtotle Cell Oount 
AS fauber (1936) lias Bhovn, It is laeoessary to count 
oonslfteraMy mare than 100 ©ells to indicate a tru© M.»D.C. 
TOlue. 1r th® |)r©f©nt «tmt|', 1,000 oells were generally counted 
to ototala the mltotie count. 
fhese counts do no^t Inolude thoea cells which were in 
prophase, sinoe It was net possible to determine thia stag:® 
of Bi.xtosis with anj degree of aeouracy. 
1. Other Count® 
A nufflto@r of sptelal suxiliary couatswere employed where 
the oii'cuiastanc©® warranted it. fhe®e counts were m&de at 
raiidoia fro© 100 to 400 etlla although on ooc&eion more were 
oounted. Percentage oounts ¥©r@ usade of (1) fuaiform cells, 
(2) tree fat ©ell®, C3) plaetida, ik) abnormal {pathologic) 
cells (P.O.), (5 )  oell0 with hypertrophied nuclei, ( 6 )  cells 
with abnormal shapes (polIclloheaoeFtes), (7) cells vith small 
nuclei, C&rMtrary limits selected 1,7 to 3.3 nsiora), and 
iB} cella with' grossly vacuolated cytoplasia. 
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F.. f ©TTtlnology 
A aiiiaber of special terms are used throughout this study,, 
sorae in prefereooe to otiiei^ temis hcaaooytoaig in preference 
to .Ie:t.3,coejtoelg). In addition, nex-r %v'Ords were coined, from 
otlier words where the occ&sion 'seemed to warrant it (e.g., 
Dl&BB#.toe.YtQsi8« .0yatQ0.Yt.08is).. fh&8& 0'Decial terras ¥ere 
uaeft witli the intention that they would clarify and not con-
fue# specific Issues. ®ius, XeTicooytoslg la a very general 
term and speeifically applies to vertebrate leucocytea la toto. 
H$iij.00.Yt:.08ia is a specific term applying to inseet Jiemocyteg 
ana is aii&logotts to leuoocytoaia. A term such &.s lymv)hoGyte 
which tias been applied, to inseet hemocytes iri toto (Ermin, 
1939; Rias, 1932) seems lll-»ai:viaed if we corap&r© the term's 
fiinotional iigplicatloas to wrtebrats lymphocytes; for example, 
Tert0l>mt@ Ipapkoeytes are generally considered non-phagocytio, 
wlitrtaa Insect beaocytea, that hatre been referred, to as 
lyaphocytes, are often highly phagocytie. fhe term lymphocytosis 
In Terteferat® iieaatology then obrlou&lj h&s little diagnostic 
©ignifio&ac® as applied to inseet lie,iaatology. It vould appear 
unwise, at tii© preitrit state of our knowledge concerning insect 
ijeiioc,ytes, to elo-sely ooisp&r© then with specific Tertubrat© 
leueooytes}, and tl^e s.imttltaneoa.s desigimtion of insect h©rao-
eytes ss •lyiapliocytesand "leucocytes* (a t©r»! usually incliid-
iag lysiphoeyt©®) seems hardly acceptaM®. 
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Gonsecsusntly, speelal terms were deTised because they are 
Gensidered more aemmte tlmn the loossr and sosnetiraes smMg-
uous teiias of older and wider origins. But, while these terms 
are preferred, to a¥oid possitole confusion of their -rery general 
cmplication to heaatology as a ifhole, the more •fe'ldely* used 
ter-BiS, where they apply, &r© placed in parentheses after the 
special terras. fh€i diffioiilties inrolvBd. &re many; for ex<-
sraple, there ap;pefi,ra to he no valid word equiT&lent for the 
oenocytelikfj hemocyti?® of insects sjid cells froa other phyla 
(the mieooytee of tiiaioatest, Liehraan, Btill another 
example llltistrs.te0 the Aifflcyltiesi plasm&toeytes Qeera to 
he In |>e„rt anslogowe to nemtrophlles, lymphocytes, monocytes, 
liivl possibly t© other leticooytea of higher animle. Indeed 
these terras imve heen used to deseritoe inaeot liemocytes, hut 
so far as the author es»n see, suc^i terms have done more to 
eoiifuae timn to ijlsjlfy the analogies that my exist. 
CI. Injeetlona 
InJeetioE teahftlotiee as described hy Hoekenyos and Lilly 
C1932) and by Gsmpbell (1932) were both employed. The amounts 
laJeetM were gener&lly O.OO5 »!.» howe-rer, sorae injections 
were using 0.01 al. fhe mihatanoes injected Inoluded 
ID Xeag©r*9 saline^ 11939)» (2) 0.01;l aeetone in saline, 
%eager''s saline Cl93'9) 'Gontalns' 10.9'?' graras NaCl; 1.579 
grams IGlj 0,85 gmsas OaOlai d.36 graisa %Gi2' ^  1000 ml 
4istlll@€ water. 
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C3) O.OI)i metom In distilled water, (4) distilled water 
a l o ae, (5) India., lii^ (Higging) suspension® in aallne, (6) lamp 
MacS: {trumbaah.er, M.I,) .suspensions in s&line, (?) 5^ col­
loidal gold {Lang*s), (8) 5^ colloidal iron, (9) O.l;.. p.p'DDT 
in acetone-Balm©, (10) $0 acetic acid in distilled water, 
and Cll) 1>I etimnol in distilled water. 
H. fleaorrhag© &nd Cautery 
Henorriiag® was produced in 2  v&fs t  (1) by amputation of 
tiie anterior pair of lairral legs, and (2) "by needle insertion 
into tli6 sMom©n. file amount of Mood loat was not estimated 
or controlled in tfeete particular studies. 
G&iitery was produced by application of hot needles, shaped 
in the foiia of a square (0.5 mm)., to tlie dorsal cuticular 
surface of tlie abdomen l&terad of the "heart. ** 
I. Meehanlcal Disturbance 
Larrae were shaken in beakers for a period of 2 hours 
ant were periodically disturbed by being picked up vith forcepe 
and toeing allowed to struggle. 
J. Ligation 
Abdorainal ligation of larva® was accomplished by using 
thre&d nooses which were slowly but firmly tightened so as to 
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'•separate" the body into ?, parts. In the tables, 
th® ligatioa sites are giwnj for example, indicates 
that til© ligature was plae©d between th® third and, fourth 
aMoainal segment. Ligation times mrled. from 2^ hours to ae 
iQiig &® 35 4.ay^,. Most larme, howeicer, do not survive suoh 
pr0l®,ag©d ligation* k miab®r of hesolyaph cultures ¥®r@ made 
to rule out the possibility of incidental bacterial infee-
tions. fh©®« inoettlati€J,ns were made in ©nrichefi be®f infusion 
broth,, &ad on nutrient .agar plates, and were kept at room 
tefliperature for ©ae week before being di.s©Ard.ed. Cultures 
were not imMe for all ligatured larvae| however,, enou^ were 
aMe to est&blish that in aost casts inhere bacteria were not 
visible in the ©sears the larvae were not suffering from the 
ooiaplio&tion of stptie#Mia. the hemolyniph of laost of the 
Tenebrio larvae ©xasined was sterile, although occasionally 
apiparentlj norasl l&rvae w®r© fountl with subacute (?) infec­
tions. fhe bactaris. wtre not Identified* 
f. Starvation and Dessication 
La,rvae were cojipletely starved in clean petri-dlshes at 
rooBi teaperature for periods of 7» 30» 55» and -60 days, 
and on© series um starved for k months. 
0.rd.ine,ry dessio&tion Jars containing GaClg were used for 
desslc&tion experiments l&gting ?, 1^, and 30 days. 
73' 
h. Insecticld© Applications 
?sx*iou0 Inseetield®® were applied eitiier In the form of 
prepcired dusts sa 10/^ DDT dust^ 10/^ toxaphen©, and toenaen© 
liemdiloride (BEG) tost containing: 1|» gamras. Isomer, or were 
a.ppliei ia the pure form. 3hi&fc® tubes were employed, and 
esmel-lmlr bnigii applications were used, for more specific 
plseing of poieons. 
One per cent DBf la aoetone t>m8 applied with a small 
eotton swab to the dorsal surfaee. 
In shake tutoes the larfal raoutlas and ansl openinga were 
temporarily sealed %ritli c®llodion.. 
nicotine -rapors (pure nicotine alkaloid) were used at 
.room temperature® in a Jar in wliioli the larvae were suspended 
in a small wire oage. 
M. Mditioaal Metliods 
Haaging drops oofered with liaraersion oll^ were used for 
studying heaooyte motility and coagulation. Supravital 
stsini war® u®et in & number of experiments. The staina used 
were neutral red alone, neutral red and Janus green B, and 
•forilliaat ©reayl blti^e. fit&l methylene blue was g.leo employed. 
• I.""'" .M ' 
fhia aethod gafe considerably better results than ob­
servations in Niijol oil alone on gl&ss slides, as used by 
Xeager &nd Kniglit 11933 )• 
Blood-oelX glycogen was detertalned In a few blood smears 
as dtseribed by Xe&gtr aat Munson (19^1-1). 
Histologieal cross »eotions w@re made through the heafl 
anft aMomliml regions In a preliiiinary starch for hemocyto-
poe5^tic organs. In atdition, impression smears, ttased 
preparations, and whole moimts in saline, and suprsvitally 
itained speoiraena wer© examined. 
In ^lew of r©©eat advaneea in tissu® culture methods, 
i-latep'''S tecdinlqti© (Ifl?) for ewlturing insect; h©mooytes is 
considered of llttl© value. In the present witer's ex­
perience, sueh o\ilturei are not norasl ana do not give reliable 
or detailed Inforiastlon, As S-laser pointed out the "aiaebocytes" 
Multiply while the othtr henocytes |]"Mlnute aaiebooytes,•* "mul­
berry ©orpuselei,." and ••oytoplaamics free cells" {?)] always 
aisintegrat®. feylor (1935)» a-nd Jackson (1939) have used 
Otlmer^B technique, Mt arrived at ao significant concluaions. 
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IT. ESaVLfS AMD DISCUSSIOM 
,A. Prtlimiaary Gonsldemtioas 
Class oouats IT and fl (plasoatoeytee and .oystooytes) 
&m considered dorreet to ^  10. ttien duplicate counts from 
tile sauie am&r wbtb not csrrsct to this Talue, they were 
either dl0o&.rd#d or mor« oella were counted. Normal {empirical) 
ranges (95^ leirel) for tlit irsrloms hesocyte ol&saes are shown 
in fable 1. fhs class atj»b#rs or eyabols as shown in I'&bl© 1 
will "fee U9©d in succ@©41rig t&toles. fermiforra cells (class V) 
a,re not included in fable 1 or elsti-ihere in this paper. 
lormsl differential heaocyt© class counts served as one 
basis for studying alterations in the blood picture of the 
laealworra. Mean mlues for these elssses in the older larirae 
(20 to 33 am length) sre glfen in fable 2. 
It tms desirable to rule out the possible influence of 
certain factors suoh as wei^t and sex on the differential 
h^fflQcyt© counti. fh&t the weli;^t of a larm within an instar 
§o@s not faateri€dly Influence the differential heraocyte class 
eount is shown in Table 3. 
There were no significant differences (at 95)% leirel, 
f&bl® 1) in the differential hemooyte class counts from 
100 inalei and 100 f©aal®0 (adult feaebrioa). For example. 
TaM® 1 
loroal (tapirlcal) mages for the mrlous iieraocyte classes 
ffiolitoF (lariF&e, pupae, adults) 
Ol&BM lo. Normal ieiaplrlcal) 
or symbol Heaoeyt® elass range at 93f» level 
I ProheMeoytolds 0 • 5 
II Sfflootli-eofitoured dhPomophileB 0 - 3 
III Oenoejte-ll&e eells 0 3 
If Plasaatooftte^ 20 - 60 
fl Gystoeftes^ ^0 
-
Bo 
?I1 SphereIdo@ytea 0 
-
2 
¥111 Begenerating; eells 0 1 
i Mitotl© figures 0 ««» 0,2 
F FESifora sells 10 - 30 
^Ofer 3Q% of the pl&smatooi-tes fall between 36-50^ 
(in 100 mm&oBlj aelested larm®). 
P OTer 50;^ of til® ojstoo^rtts fell to®twe©n 4-6»-6o^. 
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Table 2 
Hean differeatlsl liemoojte olase counts In older larva© 
of femWlo Molltgr Linaaeus {from Jojies, 19^4-7) 
K®* ^ hefflocyte ©lassea 
juewgfoii 
51® » «i®d X II III I? f fl VII VIII 
20 5S 0.3 1.^ 0.4 3S.6 0 58.7 0.4 0.2 
21 hhf 0.7 2.7 0.5 33.8 0 60.4 0.3 1.6 
22 53 0.9 3.1 0.5 33.4 0 60.9 1.0 0.2 
23 3? 0.7 1.9 0.9 37.6 0 56.9 1.9 0.1 
24 ^3 0,2 0.7 0.^ 40.4 0 5^5.6 0.7 0.6 
25 37 0.2 0.6 0.2 41.9 0 56.6 0.2 0.3 
Z6 '^9 0.2 1.1 0.6 34.2 0 6 2 , 2  1.1 0.1 
27 37 0.2 0.8 0..2 47.1 0 50.6 0.7 0.3 
28 36 0.4 1.3 1.5 38.4 0 57.3 0.8 0.1 
29 37 0.2 1.2 1.1 38.8 0 55.4 2.8 0.1 
30 58 0.03 0.7 1.4 45.1 0 52.2 0.4 0.1 
31 1 ^ , h  0.6 0.3 31.0 0 67,1 0.1 0.5 
33 1 0.0' 0.0 0.0 43.1 0 56.8 0.1 0.0 
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fafele 3 
Blfferentlal heaoGyt® class coimta fro® various Inst&ra 
iodleatisg that f/eiglits do not alter the counts 
H®«t Weight ^ hemoajt© clasae® 
feapsule la ^—
ais. ffigm. I II III I? ? ?I ¥11 VIII 
2.1 81 0 0 0 m 0 52 0 0 
2.1 § 0 0 0 60 0 0 
2.2 B9 Q 0 2 50 0 ^5 0 3 
E.2 112 0 0 7 50 0 0 0 
2.26 S^l- 0 0 0 53 0 i^7 0 0 
2.26 89 0 0 2 hk. 0 0 0 
2.26 91 0 0 0 60 0 l-hO 0 0 
2.26 9B 0 d 0 52 0 kS 0 0 
2.3 129- 0 Q 0 60 0 ^0 0 0 
2.3 109 0 •0 1 39 0 5? 0 3 
2.3 76 0 0 0 60 0 40 0 0 
2.6 160 0 0 2 28 0 70 0 
2.6 112 0 6 Q 48 0 52 0 
0 
0 
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«©Rg tiie ol&ssea showing the greatest tendency for difference 
between sexes, the pl&so&toejt© count for females averaged 
vfeil© that for fflsles ?ms 4€*4;l; this d l f f o r e n o e  is not 
significant (i€?@ f&Me 1). 
A great many other Tsri&bles could not be accurately 
testet an<3. neet to "b® kept in mind in vie^ring the reaults. 
Miong sttoh factors (1) <^ronologlcal age within an' 
i«0tai*| (2) m&meB8 to aolt Clanrae that h&d obvioualy Just 
fflolted were not used); (3} nearness to pupationj concentra­
tion variations ©f intestin&l gregarlnees (all of the larvae 
exatiined for gr©g&rlnes shoi.?e4 their presence, "but neither the 
type nor the nwa'feer present was d@terralnea)| (5) leakage of 
lEjeoteS aateri&ls and the &motmt of inoidental hemorrhage 
Coolloclion was painted over most injeotion eltes,. but, in those 
wher® oollofliofl was not m&&, eoiiparlson of total and. dif-
ferentifd heiQoo^rte eonnts aid not indicate significant altera­
tion®)? (6) indlvi.dtaal v&riationg (these are considered to b® 
tery wide aM the very ooaplex reason® for these have not 
been worked out)? C?) posaiMe (iimrii&l varla.tions (for the 
fflost part these were ruled out bj raaking sll ooxints at a 
relatively speoifie tiae of day, that is, afternoons for 
setting up experimenti, smearing, &nd talcing counts). 
fotal heisooyte oounts w&r® made from 275 norm&l mealworm 
larvae, ®i® l&rvae used lae&siired from 20 to 30 millimeters in 
length, and twentj-five individuals for a. given lae&surement 
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«sed. IHille iMividu&l ©ownts ranged frow 9,200 to 128,000 
o©ll@/cti. Bfij., iiost Qf the eoimts (89.^5/^? ranged betwen 20,000 
and 70,000 with an overall eirtrage of ^1-8,334 oelle/cii. mm. Bie 
+ and - ciiffersnoes of gr-wp »©aas as compared to overall raeaia 
are 8,702 and respectively, i'he in<iivicluRl T.H, counts 
are considered eorreet to t 5,000 to 10,000 oells/ou. hot. 
fhes© deviations toeoarae apparent toy eoBparison of counts, from 
dae iiig©0t, aaSe witti different dilution fscstoris, by eompari-
sen ooiinte froa t&e g&a® pipette, siricl % check oousita when 8 
square fSiHittetiri w®re oiieeked against 4 souare railliaeters 
of tim leiibamer. slid®. 
A  f , E * Q *  value over 70,000 asay Ise oonsidered a high eouat, 
iEdicfitiv® of a lia.ffiocy'toala Cleaeooytosia). Physiological 
hesocytosea ocour. -ipprostiraately 7.4^ of the nonaal larva® 
examined bad cotrnte over 70,000 oells/cu. mi*, and, thus, 
exhibit piijsiologio&l heuiocjtosea, Preliaiiiai:^ observ&tioiis 
indieate that norfiml Yentforio le.rvae do not posses® tme cora-
paet lieaoojtopoietie organs, and lieaooj^tosis In the aeaBforia 
is feelievea to Ise 'brougiit a'bout either by mitotic division in 
t&e lieraolfaph or by & release of lieraocytes frora so»© temporary 
site of aocttiftttlation# 
A mill# below 20,000 s&y he oonsidered as a low 
©ountj any eoumt below this value indicates a hemocj'topenia 
f leaeopania), whetlier pliysiologioal or pathological in origin. 
Fhytiologieal •heiaocytopenias ar© relaaivtly infrequent: 
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fable U' 
Mean total eowt® Cf.H.C.) for 
275 aowal satalwora larra© 
Lenptii 
nn. 
io. 
iiiseoti 
itaa f.1.0. 
Oelli/Ctt. 'KEi. 
Raiige 
<5«lla/ou. mci. 
lo. 
Talues 
below 
20,000 
Ho. 
Talues 
above 
70,000 
20 25 56,820 20,500-128,000 0 5 
21 25 57,036 25»000-» 83,000 0 
22 25 ¥•,712 lit,200- 77,500 1 1 
23 25 11^ 9, jM 17»000- 92,000 1 2 
2h 25 47,312 19,000- 89,500 1 3 
25 25 ^7,^00 15,200- 82,500 1 1 
26 25 ^1-7,100 22,500- 70,700 0 1 
2,7 as 20,500- 79,500 0 1 
28 25 ^5,256 19,500-105,000 2 1 
29 25 ^6,552 9,200- 88,000 2 1 
30 25 h3,n6 20,700- 90,700 0 1 
a.pproxta&teli' of the noraal la.rT&® showed hemooytopenia. 
B. I©«orrliag@ 
Hemorrhage Induced hy amputation of the anterior pair of 
Xarml legs gave oomt# &a shown in fable 5. Needle insertions 
alone produced ®ild®r hemorrhages j oounts for tiiis experiment 
are included in f&bl© 5, as indioated. 
Itille the effaota of a single hemorrhage may, as shown 
hj th© t&hle, have littl© apparent ©ffeist on the differential 
or f.H.0*, there is a transient inerease in the mitotic figures. 
Th© inereasc in the prohesiooytoits fl) and smooth contour 
©hroniophileg. (11) (eoaparabl® to a »shift to the left« in 
vertehr&t© hematology C?)) following needle insertion la 
probmhly expl&imd. by some inadvertent trauma. Repeated heaor-
rhAg®s inevitably 1®&A to t#&th after the second or third 
hefflorrhage. In one experiment, soa© larva® were bled two or 
three tinea by arapntation of larv&l legai others, by sterile 
needle insertions. Jdl of these larvae eventually died of 
fulminating baoterl&l infeotionsi 
io cytop&thologioal eimngts were evident after on© simple 
uncoiBpliGated hemorrhag©. 
0, Saline Injections 
Intra-heaolymph injeotlone (parenteral) of Yeager's saline 
fable 5 
Mean differential liemoeyte class couats together with some f.fl.C, follwiitg 
iiemormage by lar^ftl leg ampwtation and hj needle insertio.a 
Time 
hemoxTh&ge 
(hours) 
Kg. 
UB&& I 
^ heaocyte class## 
11 III IV VI ¥11 ¥1X1 # Awer&ge f.HtO. eells/©a, am. 
Mmmrrimge tej sispntatioa 
9 0.0 0.^ 1*3 M-2.Q 56.3 0.0 0.0 0.7 19.6 ^•8,633 
96 fy 0»25 0.25 1.5 38.75 58.75 0..5 0.0 0.0 f.2 ^6,875 
HepJGrFlmge by needle inserfcton 
2 k 3 3.6 3.0 l.if 38.0 53-6 0.0 0.^ 0 » 3 10.6 
m 5 3.if 2.0 0.2 48.2 46.2 0.0 0.0 0.2 16*6 -
^Mitotic figures, 1,000 cells counted. 
O 
Fusifora cells of all Glasses, 100 cells coimted. 
C1939) feaeltylQ larvae resulted In B,ti average inoreas© 
in th^ of proliaaoeytoids (I), and a slight increase 
in the dtgentrating 6@lls (fill), there was a progressive 
iftcreas# in plasnatoeytea Cl?| with a corresponding decrease 
in cfstooytes Ifl). the flterease in c;fstooytes (the coarsely-
granmlar lexiooeytes of some other authors) is oonsidered to 
eoae froa a shift in saturation ocourring at the smooth* 
contour di2*0m0'phil© level (see Plate I, Figure 5) where the 
©ells frequently appear to. develop into typical oystocytea. 
It 1@ here, too, that the plasniatooytea differentiate. Al­
though Jaekson (If39) believed that the ©ystocytes developed 
into |)l&s.aato©ytea ^ the present evidenee Indic&tes th&t 
.eyetooytea do not develop into plasmstooytes under any ciroum-
stanees but that, m the oontrsry., pi&®iiatoeytea frequently 
appear to differentiate into typical oystoeytes. Unless this 
opinion is eorrtofi it is difficult to explain the decrease in 
til® eystooyt®» »?h©n the plasmtocytes inareaee, 
Iii,e prohe«ocyto.id increase was greatest after Zk hours, 
but was still high, at 120 hours, ^he degenerating cells were 
highest at 120 hotirs. So f.H.O. irere made for this experiiaent. 
The differential heaooyte ela®s counts together with other 
pertinent data are given in fable 6. 
Xeager's ©aline wai alao injected into adult fenebrio. 
differential oounts 2% .hours later %/ere quite ooraparable to 
th©.se for the Isrme except that there was no increase in 
til© prohcmoeytolds {:!) and there was & greater tnerease in 
th® trnmher of fnaifora oella |P). Complete data for the 
adulti are not gifen. 
falJle 6 
lle&n differential lieHioojte class counts in 
larm© inJeetM vlth feager*s saline 
Mo. ji iieiaoeyte classes ^ % 
Hours I II III If It VII VIII M P 
2 k 9 2.7 0.1 1..2 kk.5 ^9.5 0.6€ 1.1 0.1 16.5 
m 8 2.3 0.3 1,8 5?.? 37*7 0.1 0.1 0.6 28.0 
96 10 0.5 0.3 0,3 53*5 k3.3 0.0 0.1 0.5 23.7 
120 7 1,2 0.0 0,4 .78.4 19»5 0.1 1.5 0.1 29.1 
Injection of O^Ol^l seetone In salln© produced essentially 
the eame results Cf&ble 7) saline alon®. Total heraocyte 
eoiints'aad© Zk houri after injection ahowd no signifioant 
Chang© Caverag® f.l.G., 36,280 ©ells/ou. ma.)- Forty-ei^t 
h#ars later thsre tms a deertasa in th® mimtoer of fwsiforra 
eells Cfusiforra cells (F) ar© highly mriable), and an in-
or©ase in proheaocytoidi. fh© I.H.G, ims ©sstntially nona&l 
Caverag© f.H.C., 45i280 ©©II0/OU. mm.). Data for one of th© 
©xperiifiental aniiasls are not inoluded in fable 7. This larva 
was obTiously nearly wholly necrotie and slmoat dead. The 
smear (^i-S hours) showed 9f$ of the eells to Be degenerating 
l&Me 7 
Meaa Aiff0f«ential hemoeyte olaas csMftts together 
T.H.C. for larvae injected with acetone-saline (0*01^) 
io. • jl hemoBftB olass0s ^ < Awe^&ge 
Sours used 1 II HI If fl ?11 VIII 1 F oells/ m. 
24 U) 10 1.3 1.1 ii9.5 ^7.0 0.2 0.3 o.l 16.o 
24 (B) 5 0,8 0.6 2.6 26.8 66,8 1.8 0.6 0.-^ 1H.2 36,280 
48 5 1.8 0.8 0.6 5^ .6 1^.6 0.^  0.0 0.3 7.0 5^,280 
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aad of the cells with la&rked cytoplsstnlc motiolation. 
Si® esAis® of til© neerosis was not establlslied. 
One of the eatea inoltided in the average for the ^-hour 
series showed & irery marked heraocytosia (128,700 oells/ou. mm.) 
¥ith a aar&ed isitotle Incsresse (0.8jl), ' Th& differential count 
showed &R Increase in. plaaiaatooytee (relative plasBjatocytosis, 
77^), and aa incre&i© is proheffl0oytoifl8 (4^).. A detailed study, 
iaoludirig nuelesr and ©jtoplaeialo aimehsious, wag made of 200 
heaocytas frosi this hemolyiiph siaesr. This information is s«ia-
iaarized in frAle 8. 
fable 8 
Kttclefer &nA oytoolasiaie d,imensions of 200 heiaocytes 
from hemolympli siasar »aAe froia a larra injected 
with acetone-B&liRe (0,01^) after houre^ 
lUGlear diaemaioa® Gjtoplasiaic dinenslona 
Biiera miert. ^ ^ 
Cl»?)2 
P''5J2 (3.0)2 
(3.;4,)2 
(4.0»4.8} 
(5.0-5.1) 
(€.0-6.8) 
X (3 • »2) X (6.8) 2 0 
X (2.5-5.0) (if-. 2—6.8) X (6.8-11.9) 7 8 
X (4.2.-.5.I) (3. *•)'—6 • 8) X (8.0-17.0) 3 2 
X ("3 • 8) (i^ 2-10.0) X (6.8«18.7) 51 46 
X (li. 2-7.6) (5.9-10.0) X (8.5-20.4) 23 24 
X (5.0-5.6) (5..1-11.9) X (8.5-13-6) 11 19 
X (6.0-6.8) (lO.Q-11.9) X (10.0-20.0) 3 1 
128,700.; differential reading: I, I I ,  1 ^ ;  
III., Ih. X?, 7?^J VI, X5%% TO, 2^1 mi, '0^1 mitotla riguree 
0. * 
Unooaplloated saline and aoet;one~@£iline infections 
©rainarlly ar© not associated any g.pparent oytopatiiologioal 
eiianges. Wmre oytop&tliologiesl claanges occurred in the 
Jiemooftes, tiiey appeared to be associated incidental 
trauastic injury, and in stidi oases free fat oells may b© 
ie€n together witli *'saadg@*' lieraocyte®. A numlser of cells may 
show cytapl&sraic lrr©gtilaritl©s, Bimrrely shaped heiaocytes, 
or p.oikiI<?haae.;<3, ar© act speoifiej tbey aay occur with 
any kind of Injeetion. Elongated, triramou® (raultiramous), 
and spread forras ®ay oscur, &«d some lieaoojtes laay show nuclear 
extniaioB, cjtoplassic Tacuolatioa, and som5?tlmes cytoplasmic 
wtleiil&tions, inaioatlng certain Ill-defined tensions &nd 
Btm&BBs Vidtiiia the oytoplaeiile frs-mmrork. In some eases, 
&pp&rmt oellulEr swelling and discoloration occurred. Tliese 
olanggs, lio¥©T@r* do not msmlly dominate the blood picture. 
10. Distilled Water Injeetione 
Hematologieal data for larra© injected with non-sterile 
distilled water are alaown in f&ble 9, &nd inforiaation concern-
iag ae®toiie-w&t©r inject ions is sha%rn in fable 10, 
Oontrols for the distilled water injections shotted lower 
jsrohemoeytold Cl), ®mooth*»contour chroisophile ClI), and 
splieroldoeyte (fll) Talues, Cfe© control values are not 
shown ^ erej refer to t&bles•1 and 2.) In fable 9, the pro-
heraooytoid il) a.nd ssooth contour ohromophile (II) 
fatol0 9 
Mean dlffereiitial anA total hefiooyt© ooiints far Isrra© 
injeeted wlta non-sterile distlllefi water 
Homrs 
m. 
nneS. I 12 
0 hemoQjte el&sseg 
III I¥ VI ?1I fill M f mllB/ m. mm. 
5i 5 3-8 0.8 1.6 26»B 0..0 0.0 0.0 21.5 24,780 
Zk- 5 3-2 1.4 $9.0 30.4 0.4 0.2 0.6 -
30 5 0.4 0.8 1.2 62.0 35-6 O.S 0.2 0.1 - 2 2,.040 
Ca) 6 5.0 11.1 0.16 4? ..8 3-7.5 0.0 0.0 0.2 19.0 
-
(b) 5 0.% l.if 0.0 50.2 47.4 0.2 0.4 0.0 10.8 28,500 
fable 10 
Mean differential aiid total heiaocyte ooiiats for Isi^a# 
lajeeted with aeetone-distlllea water 
Hours 
io. 
tised I XI 
0 kera©oyte ©lasses 
III IV ¥J Til VIII M F 
&T@j*sg© f.H.O. 
cells/ mi, mm. 
2k 5 0.2 2.0 0.0 44.5 k9,7 1.0 2.2 0.3 39,900 
5 1.0 1.8 0.6 40.4 56.0 0.0 0.2 0.4 10 44,800 
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©specially the latter, are eonsidered highly aignifleant 
aod abnomisl at 24 hou.f's a»ci in the ^+8 hour (A) series, .rhioh 
fBluei indicate a marked shift to the left, fhe total hemooyte 
cmiats &re appareatli' rioriis.1 as coiapai^ed with controls. Th© 
oltotio eouRt (M) for 2k hours Cf«Al& 9) is oonsidered hif^  
iQ.6fi), Mormal mines rarely exceed 0 • "-/J. 
Blstilled mter Injestiofis ae.y or may not be associated 
wltli apimreat cytopatiioiogical changes in the hemocytea of the 
atealworin. ¥here eytopatiiology was manifest, it appeared to b® 
due to incidentsl trsmaatio injury. The distilled water wes 
buffered to pH ?.0,^ and eases t.;hich showed severe cyto-
pathological ohenges wore not bsoteri&lly Infected. 
AlthoMf^i ©laborate quantitative ©stiffls-tione of degenerative 
iBtisjiges wsr® not ascle, vs.rio«s eella e.o^^l^. have been grouped 
into k ostegories of digtnerative eells (1) cells 
showing partial iiaielear degerieration, achrom&sia, and moderate 
cytoplasmic vaomolationj {2} oells shov/ing more cytoplasmic 
meiiolatioa than (1), more nitolear f&ding and a loss of normal 
0tr«otnre aore pronounced than in (l)j: (3) cells shouing sever© 
rittolear fr&gpneEt&tion, eytoplasi.n severely vacuolated, ragged, 
or torn; and (k) ooapletely degenerated shreds of nwclear 
aateri&l sarroimdiag & completely vacuolated, torn, or other-^ 
wise disrupted eytoplasaic envelope. 
'"^loeian and Spaoek (193^) showed pH varied from 6.25 to 
in fenebrio. Fink {1927) found pH of 7.0 (potentiometrio). 
OtJier oytopathologloal ohangea of hemooytes Inoluded 
(3.) latenselj MiaiAllic eytopl&smic staining in some of the 
plasiaatooyte.s (l¥)j (2) some nmclear aM (or) eytoplasisiic 
m e l l i n g ;  ( 3 )  s o m e  e y t d p l a a r a i e  a w r f & c e  i r r e g u l a r i t y ;  a n d  ( k )  
til© ocoaaionsl prtsened of agglutinated proiieiaocjtoid masses. 
lone of th© ohangts listed in tlila seotion were exoliaslve-
ly epeelfio^ tor Ala tilled water. 
E. India lalc Injeetlons 
Suapenslona of Higgin's oomneroial India ink in ICeager's 
saline mv@ injeeted into larrac.. Results ar® suiaiaarlzed in 
f&ble 11, 
The eoaposltlon of Higgin*® India Ink was not aicertain-
®fele. Injeotions of tlila ink frequently proved toxio to larvae. 
Bie fate of tlie Inclls infc in feftebrio V&B not investigated, 
ill injeetea larra® appeared superflolally normal 2^ to ^ 8 hours 
4ft©r injeftion. In ont group of injected larvae, 4 out of 10 
pupated nors&lly but t¥o, wiiicii were unable to ooiaplete pupation, 
died. fhB stiamlas to pmpat# wm obviously present; the larvae 
made all tirie sotiona #israet©rigti€! of pupation, hut appeared, 
unable to shed th© eutlcle. However, the situation waa laiich 
fflor© eoiiplex than Just the inahllity to reiaove the cuticle, 
fh® outicl® in India ink-poisoned larvae was dark and often 
Bottled with tolsok or brown spotf. In a nmiber of oases there 
tfsre Irregular p&tc^es of unshed or partl&lly shed cutiole 
fame 11 
lean differential heaocyte el&sg eouats froa nealwora lerrae 
irijeet#d with Eiggins india ink in saline 
. Ko. % b,e»ooyte sl&ssea % % C 
Homrs ttsed I 11 III I? ?I fll ¥111 M F 
1 « 10 4.3 Q.6 1.6 iH).l 52.5 0.1 0.1 0.2 10.9 1.8 
2k {k)l 
4i U)i 
9 Z,6 Q ^ f f  1.1 39.6 53.5 0.3 2.0 0.1 - 2.3.7 
9 0.5 0.3 0.5 kM.S 51.4 1-3 1.2 0.1 — tk,7 
8 2.1 1,6 0.5 67,7 28.9 0.0 0,1 0.8 19.5 9.3 
m (Br 10 X.5 0.3 0.6 3B,k 38.0 0.1 0.2 0.5 30.2 5.5 
72 9 l.i^ 0.3 1.5 By,2 13.3. 0.0 0.3 0.^ 9.2 
120 10 0,^- 1.0 0.3 69,9 Zh,k 0.7 3.1 0.1 36,2 1.0 
IW- 7 1.1 0.5 o.if 65,S 30.7 0 . 0  1.5 0.3 30.S 0,2 
168 3 1.6 1.6 0.6 7B.6 17-3 0.0 0 . 0  0.6 33.0 5.3 
192 7 0.8 0.8 59.8- 37.7 0 . 0  0.2 0.1 3B,h 1.1 
^Phagooytie index ClOO cells counted). 
2 In this and subsequent tables letters in parentheses refer to replications 
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C0x:fo3.imtlire)» HoweTer, this irregular alisdding of the 
cuticles in .patelies is sppsrerttly fiot speoifle to India Ink 
poisoniag, slont,, fcsr it oeeurred oocasions.lly in eths-nol 
InJeetiO'na. 
After laJeetiQns of India ink emapensiona, tlie plaaaato-
eyt«s ClT)» althsugh in norEial mabers, showed a number of 
ah&iigm Incl'tidlng Cl) lalotohed staining of cytoplasm, (2) 
abnoro&l "baiophilie eytoplasm, (3) schromstlo changes in 
eytoplasia and naol©!., and, la some c&aes, (4) exotsslT® 
oytoplaaal© mcuolatlon. 
On© hour &ft«r ink Injeotion ther® was a marked increase 
la the prohe»0oytoids (1) wMcia might he in part an indication 
©f a shook reaetlon. Mit©tlo flgar^s wtr© laoat numerous at 
iiS, to 168 h0ur@. fhe |jla.8j«to©jtes (IV) and the fualform oells 
If) 'both reaeh®d their ii&xim«s at ?Z hour®. Degenerating oells 
w0r@ aost nuaerous froai Zk to 120 hours, hut were never in great 
nuahtrs In the p©rlph©ml hlood streaii. Abnormal cells that 
eould h© d@flnit©3.y identified as belonging to other olasses 
h&T® not been inoludtd in the degenerating oelle. 
India ink p&rtielei were ph&gocytosed principally by 
plaeiistoeytt® (If), with th© ssloropl&smatocytes and laeso-
pl&sa&toeytes bting th® iiiogt actiir© participants (Plat© II, 
figures 10-12), fhe meropl&saatocyt®8 did not appear to 
play & significant role in phagocytosis, fwo other hemocyte 
cl&BBm oapahle of phagocytosis, the proheraocytoids (I) and 
SHOOtli-coatoar diroiaopMlle cells (II), pl&yed only a minor 
rsle in this actlifitj* fh© ey^tocytes (the coarsely granular 
leucocytes of some aatliera) ar© nerev phagocytic. Oenocyt©-
like cells (ill) ere very rarely phagocytic (Plate II, Figure 
B)-'-. It may timt in tiie rare cases i4iere apparent phago­
cytosis by oenocytolda me noticed, it m@ not a true phago­
cytosis. The inls p&rtieles may hare been lying at the cyto­
plasmic surtmce and not eotually within it» 
Enain C1939) studied ink phagocytosl© by roach hemocytes. 
He noted that h.mrB after injeetioa neutrophilic granules 
seoumul&ted &rotmd these particles in the phagocytic heraocytee. 
Xs fset, Enain o"b8trf'®4, on injecting p&ytlculate matter, that 
there was an inor^aso in the neutro:philie granule oella x/hich 
m&Qhed its naxlffliira 5 hours after injection. This increase was 
still appsrcmt after 5 da,ys» He also noted an increase in 
hyaline hemoeytes. Be referred to this complex cellular re­
action as a *'worl£ rhytha" (p» 6^i'2). Ermin found that encap­
sulation of tii^ ink oeexirred in th® thorax and. aMoman as veil 
m in secmuletlOM of phagoeytic heraoeytes in th© pericardial 
regien# lie also olssftrretl tiist heraooytes still contained inJc 
particles 3 aontiis after injection, fhes© obserTations are 
l8.rgely in agreement with findings in th© laealwor®. Tiiere 
'^Holland# C19III noted r&re phagooytoais of the tubercle 
toaelllue by oenooytolds in soae Lepidoptera. 
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are, li#wever» ©ert&ln aiff®reno@8 la Teiiebrio! neutrophilic 
graEules do not adomialate &bout ph&goeytosed nateri&l, and 
hemoQftm witii large nemtropiiilic or eosinophilic inclusion®^ 
mTB plmgooytie in tk® aealworia ofily «n'd.@r the- laost extraordinary 
oofiditiofis, 
file presenee of p©ikilolteBi©eyt@3 (Plate II, Fij^ire I3) 
Steffi# t© b© asaoeiattA with lnJe«5tion8 of any particulate 
natter into the heaiolyapli* Snoli oells m&y to© found frora the 
first hour after iiiltetlon throitghout the test period, Ho%?©v©r, 
th©y tend to be aor© prewlent in the e&rlier periods. These 
e@lls (laainly plasaatooyte#) suggest that the cytoplasm is 
considaraMy .«©re fluid than it is under normal situF.tions. 
Such o«lis say apparently take ©n almost any oonoeivable shape. 
Pl&smtoeytef %/ith hydropic (?) cytoplasm are often quite 
tiusiarous. fhe eytoplssm in these oells may be intensely baso­
philic, In whieh oas© the r&emles appear as tiaorete »'holes« 
in the oytoplasBiio envelope; or the cytoplasm may foe a pale 
blue anfi the round , spaces,. i-?hioh generally completely fill the 
oytoplasa, appear to b© filled t-.rith soine fluid. In Bome cases 
the mouoles isay b© ejctrerisly large, and the i^fhole cell appear 
Tesioular. In a nujsber of oases these vacuolated cells contain 
large aiaounts of fat. At the oytoplssalc periphery, the 
Taeuoles may be greatly sirollen md break away from the cell 
""""' H li-.-il-'-r-.'' • . I.:--'-- •:-i!i .1, rt- , I r- . 'i I i " I' i 
Emia (1939) regarded eosinophilic granulations as mito-
eiioadria (p. 623)* 
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iiissB soaewh&t like an esospiiig balloon (Plate II, Fiiyure 21). 
Horning and Hleh&rd&on (1929) liave cieseribed me final stages 
of oytolysis in fiferobl&st eulturea. fhey observed tliat fat 
globules burst like soap Mbblsa, or remain as clear spaces 
dsTOid of stsiaable list^ri&l. 
flm laioro-' and aesoplaaaatocjtee, ¥iilca are Uw principal 
piiagoeytlo fe.e»0'$ytes in tbe laeslt-roro, may take up few to 
ttumeroiis Ink psrtieles of widely varying siaes (Plate II, Figures 
8, 10, 13., and 12), At first, the partiolee appear the cell-
heael^mph surface aad finally progress toward th© nucleus v/hioh 
they tend to sarrdmad. Sometimes the particles aay be segre­
gated into mouolar apsota. those plasmatoeytes wxiioh contained 
amaeroua inli: partiol®® tend to have biasrr© shapes (poikilo-
henocyt©s), uneTen cellular surfaoes, some vaouolation, and 
blotohecl, hyaline, or intensely basophilio cytoplaB®. 
Soae injected larvae m&j show nuiaerous pathologic cells 
|p.C-)« Abnormal aitotic figfurts my occur as may karyorrhexls 
(Plate II, as in Figures 5, I3, 14, and 15)# nuclear enlargeraent 
(as largv aa 10.5 miera), and disiolution.^ fh© oenocytelik® 
Mr.j.wi w.i.jiK,.;, mm :.<• »i,i. i,,,„ .«,,i ii,- rr rivi,' jii riur.r i, i, x 
Since tht ink particles frequently congregated, around 
the mieleu$, it is coneeimtole that the ink particles could 
punctur© th© nucleus, thias IrreTersibly coagulating it; nu­
clear diajmptioii oouicl. hrlrm.. about & granular precipitation 
In the cytoplasm aw'- mitochoadri&l disruption in the iramedi&t© 
Tloinltj. ai&iBbers and Fell (1931) showed that mncturixig 
the ntiel^ue of the Rjononueleated fibroblast led to complete 
cellular'disintegration. 
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eells (III) ns,y show bleb~llke plastld, foraation along the 
eyt0pla.smlcs edges, fhes© eytoplasmlc blebs (plastid®) often 
e-ppesr to bresk away tpom the cell surface and disintegrate. 
I'iastia formstloii la not, ho%/©irer, an excliusive peculiarity 
of the oenocyt©lll:e eells. Oenooytoids sorastifflea contained 
two rraclei (Flat© II, Figw-r© 22). 
Ibnornml plssmatooftes often showed coaslderahle cyto­
plasmic iifelling {jlargeat ©ell dimension 19* 25 x 61.25 micra 
Cl20 hours after iajeetioa)] . Umraeiiolated abnormal plasmato-
eytes occurred ea'peol&lly in larvae that attem-'^ted to molt 
C"abortIfe molt"), and these cells often showed Intensely 
basophilic, frequently blot^ied cytoplasm* The nucleus was 
generally enlarged In stioh cells. Soraetiraes rery large, coarse­
ly eosinophilie, irregtilar inclusions surrounded clear cyto­
plasmic spaces. 
F. Lamp Black Injections 
Results from injactioii of suspensions of lamp black 
(S-rUBibadlier* S. X.) in saline into larvae and into some adults 
are found in fable 12* fhou^ these injections were laudi less 
toxic to larme than those of India ink, the blood x>icture8 
%fer@ essentially ali&ei there ms an initial, though less pro­
nounced, rise in proheiiioeytoids| a slight increase in plas-
ffi&tocytes; & considerable increase in fuaifora cells; and an 
iacreaa© in laitotie figures. 'Hi© T.H.C. showed no significant , 
change. 
fable 12 
Mean dSff&rentl&l &nd total lieaooyte cotiRte froii some 
and aittlt aealwoms injected vlth laiap black 
Hours 
Mo. 
used I II 
;< heaoeyte elasses 
III I¥ ?I fll ¥111 1 F p 
Average f.H.O. 
C©lls/C«. «ffl. 
1 10 l.fy O.if 0.5 51.5 45.i 0. 0.2 0»3 19.1 0.1 
2^1- 5 0.4 1.0 1.2 ij-3.2 5,3.6 Q.i'f 0.2 0.1 20.8 £»0 ^i4,^50 
28|^ 2 0.0 0.0 2.0 fys.o 50.0 0.0 0.0 0.5 37.5 8.5 
7 0.1 0.86 3-3 4>8.o 0.0 O.lif 0»3 i-i.5.0 7.ii' 
m 5 0. ^ 0 . 8  0.8 61, fy 35. 0.2 1.0 0.3 31.2 3.6 •^ia,380 
168 0.2 1.5 0.0 55.0 i+3.25 0.0 0.0 0.0 23.0 9.2 63^25 
^Adultf males. 
"^Adult females. 
One J.arm wss eKsjnlned 5 minutes after injection. Tm 
heBiolfrapis siiie&r shoved. B.n sppsxent heraocytopenia, lOJ? lamp 
bl&elc phagoeytosl®, and agglutination Cmassea of 5 11 
oells) of plasimtoeytes llghtlsr stippled '-rlth l-amp blaok 
partloles (Pl&t# II, Figure 10). 
Mult® wep© injected with lamp black r.nd exfimined after 
28 houra. I.n the females there api^eareft to be a more vifrorowB 
piMigooytosis ths,a in the raftles, and. the pteROoytic wicro-
pliiSBiatoe^ftes xmm paiPtiwilarli' irftaaer'ow.s and &etlTe. In one 
of the laalea the oeaooytelike eells appeared to contain lejnp 
felaelc particles in the aaoetli Msophilio oytoplasn (Plate II, 
?iipir@ 8)* Chat of seTer&l thoitsand eells exa-rained in this 
aaear, 6 oenQcjtoid.,g. wsre seen wit.h larap black ps^rticles, 
fwo pttp&e ifere iitjected i-rith lamp bl-s-cfc suspenBion -'^ncl 
l&ter thBy esms^eA as adults. One of these adults C2~ds.y-.old 
fflsle) was uaeft for haniatologioal examination. The smear aiiO'V/ed 
the following; differential eountss 
I II XII If n ¥XI VIII M • F jF PO CSN 
/fe /I ji  ^ }i )! jilt  ^ /I 0 
0.0 0.0 1.0 ^9.0 50.0 0.0 0.0 0.4 9 0 27 19 
pathologic cells? 0311, cells with sraall nuclei {3»5 micra) 
!Pii® SB»&r showed X9^  of tht cells to lis:.ire hypertrophied nuclei, 
and lif^ of the oells aiierete mouoles (holes?). The male 
appeared perfectly formed and was aormal in its beh&vior. The 
•loo— 
other adult Ifeiml®) was marlzed and allowed to cari'y on its 
actiTltiiis. It lived & normal length of time, laid eggs, and 
•siiowtd no abnoriaalities whstsoefer. Prasum'bl;^'' its blood 
picture vas within functiOiEially noraal lieiita, i'his raises 
the iatereetirig question as to wh&t,extent abnormal hemocytes 
iPO) in tliQaselTOB jasj reflect extensif© injuries: .2i7> of 
tiie blood cells in tlie adult laalo w#3?© abnormal, yet the adult 
appeared, perfeetly noriial. It should, however, be pointed out 
tti&t 'the hmaocyt© cl&ss pereentages, as auoh, are normal. It 
might be suggested timt iaa-rked oh&nges in the class counts, 
together with nany febnorjial hsEaocytes, a&y be more indicative 
of extensive injury. 
Q. Oolloidal 0c»ld and CJ.oiloidal Iron Injections 
Lanr&e were inj#dt#<a with 5/^ colloidal gold (Lang's) and. 
til® results ar# shown in fabl© 13»« Fiire per cent colloidal 
iron was isjectei into larfae and these date are given in 
Table 
Both eollaidal gold and colloide.1 iron injections were 
toxic to fenebrio l&rfae. the blood pictures are fundamentally 
slfflilar to those following India ink and Isnm blf>ck injec­
tions* lifter 7 dajrg there wa-a a significant increase in the 
fable 13a 
Mean fiiff^ rentlal and total heaeoyte eomnts tTom feneterio larTs® 
laj|©0.t@€ with 5^  eolloidal gol€ 
Howrs 
Mo. 
ms©i. I 21 
$ iiaaooyt© classes 
HI If VI fll ¥111 H p 
A'risrage 
cells/ mi, »a. 
25 5 1.8 2.5 2...0 51.# 39.2 0,8 2.2 0.1 11.7 
m (A) 6 3-5 3.5 1.6 58.8 32.1 0.3 0.0 O.i}. 30.0 
m (B) 5 1.0 3.2 0.8 4^.2 26.4 0..6 o.if 25.2 £6., 720 
168 fy 0.5 1.0 0.0 63.5 35.0 0.0 0,0 0.6 27.5 107,925 
fable 13^  
Individual dlfferentisl and totsl iieaoeyfee oounts from feael>gi0 
lai^ ae lajeoted witli oollold&l Iron (k& koars) 
% heiaocyte clsases 1 T.H,G. No. I II III I? ?I ?II ¥111 M F A(?>^ PC eells/ oa. mm 
1 0.0 i^,0 2.0 49.0 5^.0 0.0 0.0 0.1 30 5 •w 50,700 
2 1.0 2.0 0.0 66.0 27.0 0.0 ij-.O 0.0 29 8 50 16,500 
.^0 7.0 0.0 70.0 15.0 0.0 if.O 0.1 26 17 17 22,000 
If 0.0 h , o  2.0 70.0 14.0 2.0 8.0 0.6 18 11 25 10,200 
A^throcytlc index for 100 cells. 
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f/ith "both eolloidal iron and colloidal gold. 
Cytologioal oM®rr&tlons showed (1) polkilohemocytesj 
C2) ioteas© l>&sopliillo ajtoplssialo- italning} (3) yellow or 
yellow orange &r#as within aioro^ , aeso-, and, aaoroplaamato-
eytes lii %diloh thtre wai & ttattney for the nuclei to "be ec­
centrically located (Plate II, Flg«rts 6, 7)t (^ ) occasional 
••aMonisl aitotlc fi,^ rasj CS) sow© nuclear and cytoplasraic 
enlargement; (61 some nuelear fragmentationsj. (7) occurrence 
of T@ry larg© plssiaatocytt-llke ©ells oontainim-': large, 
yellowiiti mowoles in a discolored and frequently torn cyto-
|5la§!iic eiiT©lop« (Plat© II, Figwre 7)* 
Proheaooytoids, siaooth-contotir ehroaophlles, micro-, 
a©so-,,, and m&oroplasai.tocfta@ ('both granular and agranular but 
principally the agranular form.s) were found ifitii ingested 
colloidal mterial. A' fmi heaocytea which contained colloidal 
su'bst&nces ia^ th© eytopl&sa also possessed large eosinophilic 
liiQlusions (flat© II, Fi,gure ?), Bueh cells represent the 
only case in whioii hemo.cytes %/itli relatirely large eosinophilic 
laclusiGiiB C®cysta''t) acted phagocytlcally (athrocytically) 
ur,:. .x;.M,;„iin.,: ,u,T ,r ,  , ,I,  j II,  i r - .  r, ,  , .u,  ' m  ,  i u i m ,  •  •  
Howell, and Towar ( 1 9 2 6 )  found s tendency toward an in­
creased niia^ er of l&rge nononuolear cells In rabbits injected 
with eollold&l iron but the total leucocyte count was only 
slightly Increased, fhey also reported that blockade of the 
reticulo-endothelial aystea h&d no effect on typhoid agglutinin 
formation. 
S^rmin (1939) concluded that all of the roe-ch heiaocytes, 
particularly the larger forms, possessed the properties of 
plagooytoflls &nd sthrooytosis. fait and Qunn (1918) referred 
to ,gr&,nul&r heiaocytes which acted phagocytioally in the roech. 
H. Cautery 
Severe burnliig^  w&§ produced "by a method already described 
under naterlsls rs-nt Bi0ttiods> The results ar© ©hotra In Table 14. 
fwtnty^ four boure after mmm cautery, there is a highly 
significant Inere&se in the siaeoth-ooiitoured ehroiaophilio 
oells (II), 6pher©idooytes (¥11), and degenerating cells 
(¥111); aad -a iBarkeS reteotlon in the oystocytes (¥1). Dotal 
heiaooyte counts ?aried from 15,500 calls/ cu. mm,, a heao-
oytopanla Cletieoptaia), to 5f,Q00 cells/ ou* lam., an apparently 
normal ooast. 
fabl© 14 
Mean dlfftreati&l hemscyt;© counts fro® larvae 
following s®v#r0 cautery 
No. 
Imars tiset 
 ^heiioeyt® elasses 
I 11 III I? fl ¥11 mi M PC 
f.H.C. 
cells/ 
ou. mm. 
1 2 0.0 1.5 0.5 32.0 62,5 0.0 3.5 0.2 -
24 3 5.5 10.5 0.5 66.0 9.0 5.0 3.5 0.2 5? 33,500 
l«aieroufi vaotiolated pl&ematocjt#s, apparent nuclear 
eondensatlon# in & mnher of cells, and nuclear sviellings 
with a tenderitiy toward fragmentation ware seen in smears from 
" •• • . :•,•••( 'f M r n .III :rr , i j i" ' 
in 8©v©rsl oases there was incidental evisceration of 
fat body togfther with loss of heaolyiaph. All of the larvae, 
whether partially ©vlacerattA or ndt, were exceedingly pathologic. 
i©fe.rely burned l&3?vse.^  fhes# oh&ngea ar© oonaldered to be 
( M e  t o  aireot laeat I n j u r y *  
I. leeimnloal Blstwrbane® 
After 2 iidttFi of coatiimal aecfeanieal disturbance of 
feneforio larm®, difftreatial Iieao0;ft® claas counts were made, 
fijtse are r@0ora.ed In fable 1,5. Me^snioal dlsturbs,nce apparent 
ly d.0es net aaterlally alter the blood picture. 
Tablt 15 
Mean dlffertatial beiaocyte elaas counts from fenebrio 
l&rfae following iieoiiajnioal disturbance 
So..  ^henioeyt© el&gsea 
used X II III IT fl ?II Till 
18 0.7? 0,2 0.88 29.5 6 7 . 2  1.0 0.3 
J. Ligation 
Differential liemooyte eounts from ligatured lanrae are 
presented In fables 16, l?a, 17b, and 1?©. Wier© T.H.G. 
oould b© aade, tliej ar® als©' Included, 
For tiie most part, aaears and counts were t&'ken anterior 
Brown i l 9 k 6 )  reporttd erythroeyt® fragmentation, and 
siloroapberooytosis (attrlbuttd to direct action of heat) In 
sewreiy burned huumm %?Atliln a few houra after injury. 
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f&fel© 17a 
Meaa dlff@i»entlsl heaoeyt© coianti ft^ om larvae 
ligsttired in the eaae plae© 
Howrs 
11© . 
used 1 II III If ¥I ?II vm M 
f.H.C. 
cells/ 
eu. mia. 
Zk 8 0.0 0.0 0.5 31.^ + $5.25 2.2 0.6 - -
m Ik 1.13 0.6 Q.13 i^ 7.8 1^.3.5 3.6 3.6 - -
55 21 1. 0.8 Q . k 2  k k . 2  k - 9 . 3  2.5 1.1 -
72 11 0.0 0.6 0.0 52.1 0.7 0.3 -
9$ 7 G.3 0.0 0.3 51.0 ^3.1 3.3 2.0 - -
120' U)* 19 0.26 0..09 ©•.9 52.1 2.0 0.09 -
120 {B)> 6 0.9 0.5 0.5 37.6 60.5 0.0 0.0 - 48,625 
I k k  3 3.6 0.0 0.6 h6,0 47.3 1.6 0.6 - m 
2M 2 6.0 •0.5 0.5 45.5 ^ 7.5 0.0 0.0 0.2 5 3 f 7 5 0  
*0f 2S larme» 6 died. 
%ee Tiibl© 17b. 
fs-M© Ifb 
Indivi€u&l .iieaoeyte class &iid total heiMocyte eomnts fron ligatured 
Isrme together i-rith ayraptoa&tology, ligation, fciiiej 120 liours 
Mo. Sympt omatoiogy I II 
 ^hemocyte classes 
,111 IV fl fll fill 
T3 
/ 
F 
Avemge T.H.C* 
cells/ ©«. »m* 
1 DeiiyiJ*at@d| necrotic 
st li^ tion site J 
blood volume 
reto©@€ 0 0 1 3? 60 0 0 65 
2 J.etiT®j not neQTotle 
at nation site 0 0 2 I f ?  51 © 0 3 
3 Active; neorotie 
anterior and 
pQBt&rior to ligation 
site; blood folume 
reduced 5 0 0 k5 50 0 0 30 66,000 
k Active; not necrotio; 
Islood volUBje 
reduced 0 0 0 21 79 \f 0 10 35,500 
5 S&ne as (4) 0 2 0 50 48 0 0 12 44,500 
6 Same as ik) 1 5 0 25 69 0 0 10 48,500 
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fable l?o 
Some Indivldml differential hemocyte olass counts 
made anterior and posterior to the ligation 
site In raealvorai larvae 
Hour 
hiiTfitlOXl 
sit© I 11 
hemsto < 
III I¥ 
slasses 
Y1 ¥11 V l l I  
m 
anterior 
p#Bterior 
0.0 
0 .0 
0.0 
0 ,0 
0.0 
0.0 
63.0 
^^ 0.0 
5.0 
60.0 
^.0  
0 .0  
28 .0  
0 .0  
96 
anterior 
poaterior 
0.0 
0.0 
0.0 
0.0 
0.0 
2.0 
3?»o 
6 5 . 0  
•63.0 
24.0 
0.0  
1 .0  
0.0  
2 .0  
anterior 
posterior 
2.0 
0.0 
0,0 
0.0 
1.0 
0.0 
8^.0 
45.0 
45.0 
52.0 
i^.O 
1.0  
0 .0  
2 .0  
»X10* 
to the lig&tioii site; but a few smears vere aiade from both 
sntei^ ior and posterior ends Cfafcle l?c). 
The h@a&tologlcal affe©ts of abdoHiinal ligation &re 
ttsu&lly apparent vithin 19 hours, maBifeated by an inoreaae in 
plaeastocytes and apheroidsoytes. It is surpi^ ising that, in 
tiiGse l&r¥se whioii siirfiTe prolonged ligation, the differential 
heaocjte el&a® oomnt should b© maintained with almost nor-aml 
ratios, and total eouhts, after 120 hours and even at 168 
hours, should appear to to© vithin norasl limits. Ihat the 
ligatures setitalli- seDarate the l&rTaa into phyeiologically 
isolated regions can b® shovn by injections of dyes. It seems 
fair to assume that the anterior portions actu&lly exhioit a 
heaoeytosie, iiiice the isolated anterior portions alone liad 
T.H*G. values as high as, or higher ths.n, f.H.O. from i-hole, 
unligatur@d larme* Although no quantitative studies could b® 
Made at, the IJ tlon sites, croos seetionRl studies in addi­
tion to sraears mad® froia near these sites indicated an enormous 
inereaae in the heoooytes in theae regions• A local necrotic 
Bt&te in Itself is not neoesearily moomp&nXed by unsr significant 
changes in either the differential hemocyte ole.ss count or the 
T.H.G. as ii aho*n in Table 17b (Mo. 3), However, there appears 
to be E tendeney for th© plasiiatooytes to increase in necrotic 
States and for the spheroidooytes to be present. Generally the 
ligation site beo&me neorotic. 
Oytologiosl pieturee resulting from ligation -are exceed-
-Ill-
Ingly mrlabl#. Tiie changes notet were (1) cytoplasmic 
rttictilaliou in plasmatoeyt^ i (as in Plate II, Figure 4); 
|2) surface irrepilarltles (es la Plate II, F i g u r e  2 9 ) t  
dsTelopment of alanora&l oytoplaanlc ext ens ions previously re-
firrta to as rani? (3) soa@ poikllohemooytes; {^ ) some plastld 
forsation; {$) ©videaees of eytoplasfflic fatty degenerationj 
(6) nuol&mr ant cytopl&smie swelling; (?) ocoasloml presence 
of ter8.t©©yt#$; (8) the preaenae of either pale eosinophilic 
meuolts, giant mcueles, large •basophilic (endogenous?) 
lftclu,0lo,ES., or of large eosinopMlio (2.0 aiom) Inclusiona 
1Q th© cyto|Jl<&Si3i© eavelop© of plasmatooyt#® (as in Fl&te XI, 
Flgurt 3)» (9) ose&slonal presence of giant plastids (?) 
(10 micra), wiiic5f:i iiaj be Indlc&tlv® of incipient bacteremias j 
(10) aoiirosasiaf &n& (11) agglutination ©f cells of all cate­
gories, Mat especially of plasimtocytes and proheaocytoids. 
iC. St&rvatioa 
fenetele larmt w©r© starved for ?, 1 4^-, 30, 55, 60 days, 
ant for as long a® months in one serle®. fhe hematological 
data for these Isrvat &r® stuaraarizsd in fahles I8a, l8to, 19, 
20a, and 251). 
A series ot total htiaoeyte counts was Made froia larvae 
starved for v&rious len^ -ths of time m shown in fable 18a. 
ione of these eounts showed the development of heraocytopenla 
although it should he pointed out that, in larva© subjected to 
-112-
Bord prolonged starmtion periods, there was & pronounoed 
teMenoy to develop s marked apparent .hemocytopenia (leuoopenla). 
Howwer, in so far as emiaintd, the starved larva© showed T.H.C. 
lyithltt the normal rang®; the iiigbest oomnt was found In one 
larva starved for 30 days. 
fable 18a 
Son© tot&l liemocsyt© eouats from larvae 
starved for varying times 
Average T.H.O. 
Bays starved lo. tised cells/cti. mm. 
1 3 29,300 
2 3 2 5 , 5 ^ 0  
3 6 30,100 
1^ - 5 28,500 
1 5 31,000 4 3^,750 
? 5 ^^•5,900 
8 ? ^1,500 k 36,750 
17 12 2^,05^ 
30 1 83.750 
Differential Jiemoeyte oount& were made from a single 
adult femle wliioh had been starved for 12 days from the time 
©f its eiaergenee. fkls cowat ims rioriml as shown in 
fable 18b. 
-ii3' 
fable ISb 
SutceessiY® differ©ntlsl h m m c f t B  class ooimts 
fro® a jsiagle a4iilt ftraale starTofl 12 days 
Differential 
eo«at Ho. I II 
.tieraocyte ©lasses 
III I? VI vn ?III 
Fir it 2 0 0 23 75 0 0 
Second 0 0 0 26 7h 0 0 
third 0 0 1 29 70 0 0 
Foarth 0 0 0 19 81 0 0 
Flftii 1 0 0 31 68 0 0 
Mean 0.6 0 0.2 25»6 73.6 0 0 
Difference + 0 o.s S . k  f,fy 0 0 
Blffereno© - 0.6 0 0.2 6 . 6  0 0 
In Table If dlfftrential hemoojte class counts are given 
for starved Isrvae &ncl a fm f.H.O. are included. 
I&ile til© diff®renttal count as s«oh may show no sig­
nificant eimage Am to starvation, tiiere is & general tendency • 
for oystoeyte® Ctb.e ©oars©ly»gr&nular lew oocytes of some 
authors) to increase and for the plasa&tocytes to deore&se. 
J.fter ^ monthB (120 days) of starvation there is an increase 
in profaemooytoids (1) and in smooth-contour chromophilea (II) 
(& iiitft to the left) and a mErked apparent iieraocytopenia 
Clmacopenla), 
fabl® 19 
Ms&n i.lff#i*eritl&l ^heiiooyte eomats and a few f.H.O. 
fro® mt&rweS. m&lv&rm l&rra# 
Days No. ^ feeaocyte el&asts Aw^r&m T.H.S. 
®ell»/e«. a®. starved used t II III I? fll 
5 5 0.0 0.0 0.0 56.0 hQ,0 0.0 0.0 0.0 
6 1.0 0.25 0.75 38.75 59.25 0.0 0,0 0.0 
1 (A) f 0.0 o.§ 0.0 25... 2 71^ .7 0.0 0.0 0.0 
7 (B) 17 1.7 0.7 o.fy 3^ .0 57.3 0.7 0.7 0.1 
7 CO 0.25 1.25 1.0 32.0 65.5 0.0 0.0 0.0 31,550 
7 im k 0.0 0.0 1.0 46.25 50.75 0.0 0.0 0.2 • 
8 5 0.0 o.fe 0.6 5^ .^6 0.0 0.0 0.0 
9 4 1.5 0.0 1..25 5^ .75 k2,2$ 0.0 0.25 0.0 
Ik U) 7 1.7 0.0 0.8 37.0 m.k- 0.0 0.0 0.0 «•» 
1% Cl) 2 0.0 0.0 0.5 17.0 82.5 0.0 0.0 0.0 4,600 
17 12 0.2 0.0 0.8 1^3.1 55.6 0.2 0.0 0.0 2ii,05^  
30 3^ 1.7 0.2 0.26 21.5 76.1 0.06 0.17 0.0 >» 
55 15 1.5 1.0 0.3 27.2 69.^ 0.06 0.13 0.0 • 
60, 10 3.3 0.6 0.5 20.6 73.0 0.0 1.0 0.0 .. 
120^ 6 3.0 3.0 1.5 29.5 62.^  0.0 O.k 0.0 
^fi¥0 of the larvae died, 1 ©aerged as aa adult, 1 was in the pupal stag©. Ctolj 
larval counts are shown. 
fabl® 20a 
ladifldu&l differential ancl total iieaooyte ©ouate froia l&rme 
®tarr©t 8 days mil then for mrious lengths of tlae 
fia© 
J< lienocyte olaases 1 ATer&g© f.1.0 
I II III m fl I X l  ¥111 M F C0M^  
€«ll.®/©ii. an. 
1 2 0 0 55 0 0 0 16 40 ai»ooo 
1 0 § 1 m 51 0 0 0 13 3% 44,500 
2 0 0 0 60 0 0 0 15 30 48^ ,000 
2 0 0 1 26 ?3 0 0 0 15 15 42,50CJ 
3 0 0 0 36 0 0 0 13 24,700 
3 0 0 1 3# 65 0 0 0 2if 43,000 
zk 0 0 1 62 37 0 0 0,2 9 0 41,500 
2k 5 0 1 50 0 0 0 19 60,200 
Zk 0 0 2 if5 53 0 0 0 -» 49,000 
Zh 0 0 2 ^5 52 0 1 0 Ik <a* 56,500 
fable 20lJ 
Larvae etarred 3 i#eeks and fed for 1 week 
#1 1 1 1 50 47 0 0 0.4 20 21 
#2 2 0 2 36 60 0 0 0.1 9 6 
1(3SN - cells v/ifeh small miclei. 
tiist w#re starved and re-»fea were exarained heraato-
logicallf, B,n& tli0@© data are stiown in Table 20a, b. Plas--
laslooytes laorease on r©-f©edlii.g aad the total count appears 
to be relstivtly inQre&m&, 
So market eytepathologioal ciianges in the hemocyte® were 
noted ia 0tarf@4 larme.. Sell m&miwmmnte of 100 plasgiato-
dftm &ad XOO were imde from & starved l&rva (1 
w#ek) whieli liad s f.H.S. v&lu© of 10,400 Clieiiocytopenia), 
and similar aeasurtoents wer© asde fr©Bi a starved larva having 
a normal f.H.O. v&lae of 37,000 c@lls/ou. mm* These raeasure-
aiefits arc to be odraparefl, with raeasiirement® in T&ble 2lb where 
e®ll seafflireaients are given from 3 a^ orraa.1 larvae, 'ilie 
plasaatocytes for th© f.FLO. lO^ ii-OO are aad© up ef 7 dimen­
sional units a,lid nissureiiieats 8.5-# 10.0-, and 11.9- make up 
72^  of these ©alls. The pl&simtoojtes for T.H.C. 37,000 ar© 
aad® ttp of k waits e-nd aessureraents 8.5-» 10.0~, and 11.9-
n&d© f2}i of th®s§ 0®lls. In the three normal larvae the units 
wr® 11 with of the cells in meastireiaent categories 8.5-, 
10.0-, &nd 11.9-J 10 with 30^ of oells in categories 8.5-, 
10.0-, and 11.9-; and 8 i«'lth ©f calls in eategories 8.5-> 
1.0.5-» and 11.9-f 
L, BeavSicatioii 
Diff®r©fttlal he»O0jte counts fro® dessicsted larvae ar® 
ghOMn in f&bl® 22. 
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f&hlM 21a 
Pl&sa&tooyle CIV) and ejetocyte (VI) raaasurements fro® 
starred lar^ s© ii&'rlng different f.E.G. values 
f.H.C. : lOykOO 
flasis&tooyte 'sists Gyatc >oyt@ sl?.es 
siiera ml cm 
6.8 X i 8.5- 9.3) 12 5.1 X (10.0- ) ip 
? . 6  X  i  7 . 6 -  )  fy 6.8 X ( 6.8-11.9) .32 
8.5 X ( 8.5-IS.7) 2k 8.5 X ( 8.5-10.0) 52 
9.3 X ClO.O- I S 10'. 0 X (lO.O— ) 8 
10.0 1: Cii.9-17.0) .3^  11.9 X (13.6- ) 4 
11.9 Cll.9-' ) 12 
13.6 X 11?.0- ) k 
f.H.G. : 37.000 
fl&s»&t©ejt0 i i X m a  Oyatocyte sizes 
Riiera miora fif /J 
i * B  X 1 8.5- ) 8 5.1 X C 6.8- ) i|. 
8.5 3£ 1 8.5-.17.§) im 5.9 X (10.0- ) 4 
10.0 X (10.0-. ) 6.8 X ( 6.8-11.9) 36 
11.9 2c (11.9-1?.0) 8 8.5 X ( 8.5-11.9) 56 
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f&fel© 2113 
liorijml Tarlallons In. plasfaatooyte and cystocjte sizes 
Plasiaatooyte sliefi Cyatocyte sizes 
Eiiora $ Biicra $ 
2.5 X (11.9 ) 1 5.1 X { 6.8-12.0) 10 
% (11.9-15.3) E 6.8 X ( 6.B"-12.0) 59 
4.2 X (20.WJ.9) 3 ?.6 X ( 8.5-13.5) K 
5.1 X ( S.5-25.5) 15 8.5 X ( 6.5-15.0) 23 
6.8 % (13.0^ 3^ '^ '.0) 23 other® % 
7^6 X (20.^ 27.2) 3 
8,5 3C (11.9-22.Oj 26 
10.0 X (13.6-20.4) Ik 
11.9 X (11.9-23.8) 7 
12.0 X (11.0-22.1^ ) Z 
13.6 X Cl3.g-1?.0) 3 
% (13 * 6*23•8) 2 3.4 X ( 6.8- ) 1 
5.1 x (M* 0.^21.8) 6 4.3 ( 6.8-13.6) 
5.9 X (13.6-23*8) k 5.1 X C 6.8-11.9) 18 
6.8 X (13.^ -25.5) Ik 5.9 X ( 5.9-10.0) 7 
7.6 X (13*6-23.8) Z 6.8 X ( 6.8-11.9) K7 
8.5 X (10.0-23.8) 36 7,6 X ( 7.6-11.9) 3 
9 ' 3  X {13.^ — ) 1 8.5 X ( 8.5-11.9) 18 
10.0 X (10.0-17.0) 20 10.0 :c (10.0- ) 2 
11.9 (11.9-20. i>) 9 
13.6 X (13.^ -17.0) 6 
2,5 X (15-3- ) k 3. ^ X ( 8.5- ) H 
4.2 X (ll.f-23.5) 8 k , Z  X ( 5.I- 8*5) 12 
5.1 »• (10.0- ) K 5.1 X ( 6.8- ) 20 
6.8 X (10.0-18.7) 20 5.9 X ( 6.8- 7.6) 12 
7.6 X ( 1 3 « /  8 6.8 X ( 6.8- 8.5) 
8.5 X (10.0-18.7) 24- 8.5 X ( 8.5- ) 8 
10.0 X (10.0-15.3) Zk 
11.9 X (11.f- ) 8 
-X19' 
fable 22 
Mean dlfferdtttial iieitoeytse ©lass oounts from 
larfa© <!!,fsslea^ tei for various time® 
Tliae So. $ heaoeyte elaaiea 
days used •I II III If 71 fll ¥111 M 
7 5 O.ii- 0.0 0.6 31.6 6 7 . ^  0.0 0.0 0.2 
14 12 1.3 1.0 0.16 28.8 68.5 0.08 0.0 0.1 
30 13 l.,8 1.7 1.0 30.2 65.3 0.3 0.2 0.07 
eontrols 0.24 0.16 0.83 ik2,92 5^ .58 0.15 0.12 -
Thtre is a relatlTa Inoreis.se in,|roheinoc;ftdlds (1), amooth-
contour ciiroaopMlss Cll)» ooaooyte like cells (111), Bpheroido-
cytea and dsgeneratlng eells (¥111) after 30 daye of 
aidedloation* A few Individuals aiay show pronounced Increases 
In prohemooytclde and Cor) la sph©roid©ayt@s, tout no mrked 
cytopfttiiologlcsl dhM-ngeB in the Jienocytes wer© noted. 
1. fhB Effects of Soae Inseetleldes on the Differentis.l 
ant fotal Hemocyt® Counts of the Mealworm 
1. 2.. 2 'b.l8'*{'0*eiilQrg>ph©nyl.)'*l. 1. 1*> trlghloroethane (DDT) 
larme w©r# mriously treated vith 2, 2 "bis-
(pwCh-lorphenyl)**!, 1» 1» trlehloroethane (DBT), T&'ble 23 
shows aifferentiril oounts for larm© dusted t.dth 10;l BDT dust. 
-120' 
fa-fele 23 
Biffes'sritial iiemoesTte oounts frosi uoisoned 
wltk 10)1 BOf (Mat 
Wo. liemoeyte classes 
Hours used 2 li rii IV 11 ¥11 ?III 
18 10 0.0 0..0 0.8 31.6 6?.6 0.0 0.0 
9^ 6 0.3 0.0 1.1 6^.0 32.8 1.1 0.5 
120 6 7.6 1.8 0-3 38.3 51.6 0.2 0.0 
156 10 0.4 0.3 0.5 53-5 ^^.7 0.2 0.1 
168 18 l.,0 0.1 0.4 50.6 47.0 O.ii' 0.16 
oontrols 0.3 0.1 0.5 3 .  0 63.0 0.1 0.0 
'ftiBTQ Is a marked rel&tiTe increase in prohemocytolds 
Cl), oenoQytelike eells (IIII, plasmatooytei (IT), spheroido-
eirtes ( T i l ) ,  a m i  degenerating eells 96~.hours a f t e r  
treatment with BDf dtast, flie prohemooytoids %j-©re highest at 
120 hours. 
fftM® 24 present© f.II.G. and differential counts from 
l&rm© iEjeotet irtth 0.1/5 l>Bf in acetou© saline. In ^ able 25 
are ahoim tot&l m%& differential oounts for adults that; were 
expseed to pure B0f eryatalsj fable 26 shows counts for larvae 
slmilarlj exposed; and fahl® 2? showa Individual counts for 
X&rTm treated externally with IjC DOT in aeetone; and other 
heaatolo i 1 4sta are given in fahlta 2B and 29-
f&m© 2k 
IndiTldital f.H.0, and differential heiaocyte eouats from larm# 
iiije©te€ wtth. 0.1^  0-^  la a.eetoae-'S&lia# 
M&urB I II 
$ hesoeyte elass#s 
III I? ?I ¥11 ¥111 
$ 
1 w 
ATera^ e 
cells/ca. aa. 
1 
1 
contyol 
fy.O 
1»3 
1«3. 
1.0 
Q.k 
0.2 
0.0 
0.5 
0*6 
?7.o 
52,0 
18.0 
24.. 1 
65.2 
0,0 
0.1 
o.» 
0.0 
1.3 
0.0 
0.0 
0.1 
0.0 
m 
Zk 
#0,000 
1^6.700 
2 
2 
eoatrol 
0.0 
0.0 
0,1 
IWIMf WIW 
0.0 
0.0 
0.0 
4.0 
1,0 
0«1 
.^0 
33-0 
30.0 
50.0 
65.0 
69*0 
0.0 
0.0 
0..5 
0,0 
1,0 
til 
0.0 
0.0 
0.1 
16 6i^ ,0©0 
33,000 
20.000 
3 
eontrol 
0.0 
0.0 
1.0 
0.0 
0.0 
0.0 
3ii-.o 65.0 
50.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
8 37,000 
18,000 
k 0 .0  3 .0  0 .0  32 .0  65 .0  0 .0  0 .0  0 .0  -  2i^ ,000  
control 2^ 29.0 68.0 0.0 Q.O 0.0 61,000 
2M- 0.0 1.0 1.0 29.0 64.0 
2 k  k . O  2.0 if.O 80.0 10.0 
control 4,0 1.0 2.0 52.0 ^0.0 
0.0 5.0 - - 21,000 
0.0 0.0 0.2 23 49,000 
0.0 0.0 0.6 3^  3^.000 
fabls 25 
Individual tlfferen-tlal feeaocyte el&ss ooaate trom 
adalte poisGned externally vlth pure BBf 
fia«  ^hemooyt© classef 
kowrs 3@K I II III It fl ¥11 fill M p PO ttsed 
1 nal© 0 0 2 SO 0 0 0 2'i 0- 1 
2 male 0 0 0 56 0 0 0 22 0 1 
3 laale 0 0 0 50 50 0 0 0 30 0 1 
4 male 0 1 5 2^ 50 2 0 0 26 «. 1 
23 male 0.9 0.2 0.5 m,7 f^ 7.8 O..3 5.-6 0^ 0 19.6 28.7 6 
1 fenial# 0 0 0 %3 57 0 0 0 29 0 1 
2 feiaale 0 0 0 49 51 0 0 0 21 0 1 
3 fem&le 0 0 0 53 47 0 0 0 30 0 1 
female 0 0 5 3^  60 0 1 0 19 0 1 
23 female 0.125 0 0.25 ?^.?5 k6 4.5 0 0 25.5 15.2 
table 26 
Total and differentlal hemocyte coamts from Xarme poiaenefi. 
©j^ teraalljr by applle&tlon of par© BUf 
flffl© 
lioars I 11 
 ^hemocyte elaas®8 
III IV fl fll f i l l  M F 
ATer&ge f.H.C. 
©ells/ett. mm. 
1 
1 
2,0 
2,0 
0.0 
0.0 
0.0 
0.0 
15.0 
58.0 
79.0 
40.0 
0.0 
0.0 
k,Q 
0.0 
0.0 
0.1 
11 
m 90»000 
3# 
3 
0.0 
3.0 
0.0 
0.0 
0.0 
1.0 
60.0 
56.0 
36.0 
40.0 
0.0 
0.0 
.^0 
0.0 
7^ ,000 
62,000 
k-
fy 
0.0 
1.0 
0.0 
0.0 
0.0 
0.0 
28.0 
17.0 
72.0 
82.0 
0.0 
0.0 
0.0 
0.0 
i^ 3,ooo 
36,000 
22 1.0 0.0 1.0 55.0 0.0 0.0 0.4 20 59,000 
2i^  0.0 0.0 0.0 37.0 60.0 0.0 0.0 0.0 20 ^•6,000 
2^ 13.0 ii-.o 1.0 32.0 50.0 0.0 0.0 0.0 28 29,000 
*Bacterlally infeeted. 
fabl® 2? 
Inalvldu&l total and differential hemocytg cotrnts trom larme 
poteoaed ©xteynally DB? In aeeto-a© 
^ lieiaaojte elaeees $ ^ ^ Ar&r&m T.H.G. 
fiae I II III If VI ¥11 ¥111 « p m ©ells/ BM. 
0.0 0.0 1.0 39*0 60.0 0.0 0.0 0.0 12 50,000 
ZQ iim* 0.0 0.0 0.0 f-A.Q 56.0 0.0 0.0 0.1 10 •» 68.000 
20 hrs. 0.0 0,0 0.0 52.0 m , o  0.0 0.0 0.1 15 74,000 
20 tos. 0.0 0.0 0.0 <^•0.0 60.0 0.0 0.0 0.0 16 27,500 
20 hrs. 1.0 0.0 0.0 H'9'-0 0.0 1.0 0.1 13 5 31,500 
Mean 0.2 0.0 0.2 5^ *6 0.0 0.2 0.06 50,200 
72 hm. 7.0 4.0 1.0 68.0 20.0 0.0 0.0 0.4 26 44,000^  
72 iirs» 1.0 0.0 0.0 58.0 iKJ.O 0.0 1.0 0.1 27 38,500* 
?2 fers. 7.0 2.0 2.0 2^.0 47.0 0.0 0.0 0.0 28,500® 
72 iirs. w» - — - ». _ — 51,000* 
72 iirs. 0.0 5.0 1.0 8^ .0 7.0 2.0 1.0 1.1 28 37 68,000* 
Mean 3.75 2.75 1.0 63.0 28.5 0.5 0.5 46,000 
96 hrs. 0.0 0.0 0.0 71.0 29.0 0.0 0.0 0.0 19 » 59,700 
96 lira. 0.0 2.0 0.0 68.0 30.0 0.0 0.0 0.0 16 25 56,000 
96 hrs. 1.0 0.0 1.0 73.0 25.0 0.0 0.0 0.4 30 2 45,000 
96 hrs. 5.0 3.0 0.0 77.0 13.0 0.0 2.0 0.0 11 18 63,000+ 
96 hrs. 0.0 0.0 0.0 66.0 20.0 0.0 14.0 0.0 - 66 72,000 
Mean 1.2 1.0 0.2 71.0 2 3 ,  I k  0.0 3.2 69,150 
5 days 2.0 i^ .o 1.0 79.0 13.0 0.0 1.0 0.5 32 45 
5 days if.O 0.0 0.0 il4.0 52*0 0.0 0.0 0.1 8 0 50,000 
5 days 2.0 8.0 0.0 6ii-.o 26.0 0.0 0.0 0.0 5 0 30,000 
5 days 0.0 0.0 0.0 60.0 0^.0 0,0 0.0 0.0 8 15 70,000 
5 days 0.0 0.0 0.0 k 6 , 0  k z , o  0.0 12.0 0.2 3 0 39,500 
5 days 0.0 0.0 0.0 6 k .  0  36.0 0.0 0.0 0.2 5 0 42,000 
Mean 1.3 2.0 0.16 58.16 3 k , B  0.0 2.16 0,l6 46,300 
fabl© 27 COontintteft) 
f heaoeyte ©lasses Average f.H.O. 
fiia© I II III It ?1 ¥11 ¥111 M p PG cells/ ca. mm. 
6 d&ys 1.0 0.0 0.0 m , o  15.0 0.0 0.0 0.2 Z6 32 *1-5,000 
6 days 1..0 1.0 0.0 43.0 55.0 0.0 0.0 0.0 12 9 69,000 
6 Say s 0.0 o.o 0.0 75.0 25.0 0.0 0.0 0.2 28 7 7^ »000 
6 days 0.0 0.0 l.O 56.0 k3>0 0.0 0.0 0.0 23 11 3^,000 
6 days 0.0 0.0 1.0 • 99.0 0.0 0.0 0.0 0.2 35 38 3^ 1000 
Mean. O.if 0.2 71.^  27.6 0.0 0.0 0.12 53.000 
7 days 0.0 0.0 3.0 &7-0 50.0 0.0 0.0 0.0 9 Zk 3«»000 
7 tays 0.0 0.0 0.0 36.0 64.0 0.0 0.0 0.0 22*000 
7 days «. - «. - - - 29,000 
7 asys 0.0 0.0 2.0 28.0 70.0 0.0 0.0 0.0 1$ 12 66,000 
7 d«.ys 0.0 0.0 0.0 62.0 38.0 0.0 0,0 0.0 
-* - 50,500 
Me&n 0.0 0.0 1.25 3^.25 55.5 0.0 0.0 0.0 i^ l,lOO 
6 days 0.0 0.0 2.0 60.0 38.0 0.0 0.0 0.0 1^  0 5^ ,000 
8 days 0.0 0.0 1.0 53.0 45.0 1.0 0.0 0.0 16 0 40,500 
8 days 0.0 0.0 1.0 5^ .0 0.0 0.0 0.1 21 0 47,000 
8 days 0.0 0.0 0.0 ^3*0 55.G 0.0 0.0 0.1 12 0 41,000 
8 days . 1.0 0.0 0.0 
€5.0 0.0 0.0 0.1 8 0 57.000 
Mean. 0.2 0,0 0.8 Ii7.^ 51.^  0.2 0.0 0.06 48,300 
9 days 0.0 0.0 0.0 6 6 * 0  32.0 0.0 2.0 0.0 10 0 62,000 
9 days 0.0 0.0 0.0 9^.0 51.0 0.0 0.0 0.0 11 0 27,500 
9 days 1.0 0.0 0.0 m , o  51.0 0.0 0.0 0.0 2 0 32,000 
9 days 0.0 0.0 0.0 52.0 46.0 2.0 0.0 0.1 12 0 75»000 
Mean 0.25 0.0 0.0 53.75 45.0 0.5 0.5 0.025 49,125 
'^coainalsli^; '^not conwlslve; *eutlcular abnoi^&llty 
fable 28 
Tiiree indirMual hemoojm eounts tpom DDf poisoned lap¥s© 
Cl^  DDf In s©etoii©) six days after appllosti®ii. Biumlmg 
relations to toxie symptooatolo^ 
^ hemoeyte clstses ;l  ^  ^ Average 
Synptoffiatoloe- I II IM IV ?I fll ?1H K ,F FG oells/o«... an. 
1. fery feebl©; 
perloftio ooa-
v«l3i<J»s; severely 
dehydrated; 
Inability to main­
tain wallcing severe 
pastureJ blood vol- qualitative 
tmB RMoli reAiiced.."^  1 0 0 0^ 9 0 0 3 3^  heriocytopenia 
2. Sot feeM©; 
periodic con-
Tulsiofis; some" 
what dehyclratedi 
In&bllity to nain-
taiii miking 
posture; Mood vol-
iime not rsduoed. 0 0 0 9-2701 0.? J-B 14 22,500 
3. Active; periodie 
convulaions; 
not dehydrated; 
ability to walk; 
blood volume not 
reduced. 0 0 0 ^7 53 0 0 0,6 iW 3 iH,000 
No actual quantitative raeasureraents mde. Munson and Xeager (19^5) calculated 
that the norrae.1 blood volume of the meal^form was approximately 0*2Z ml. per gram of body 
weight. 
1Z7 
Om teBth per oent DDf acetofie-sallne injected larvae 
as oorjpared tfitli scetone-ssliae injeeted control larvae showed 
no algnifiosnt change la tli© f.H.O., but there a marked 
inora&ae in plssmatocytt® and degenerating cells one hour after 
the DDf iiijeotioa. Two lio«,rs after injection of DD'f there 
was a relative iaere&ae in plassaatooytea ilV), but the 
pl&Qaatocyte-oystocyt® relationships were essentially normal, 
fhre# hours e-fter ia.je©ti0a,f.H.C. were low^ but higher, never­
theless , timn the aceton© eoatrols. Plssmatooyte and cystooyte 
percentages were normal. Twenty-four houra after DD'f injeo-
tiona there w&s im slgniflc&nt change/other than perhaps a 
general tendency to shov s progressively decreasing T.H.C. 
On© larva shewed significantly hiijher proheraoeytolds, smooth-
oontour ciiromopiiilie oells, ocnoeyttlike cells, and plas-
ttatoeyteg than did controlsj but the T.H.C. tms normal. 
Bare DDf ponder %raa applied to both male and female adult 
fene^rie tflth & ssisll brush, ieurological evidence of 
poisoning appeared shortly after &pplleatlon. However, k 
IioErs aftar applieatlon there wm no ra©>rlc€jd hematological 
eha'ag© except for tli^ increase in the oenooytelike oellB (III). 
Ij 23 hours the blood picture showed the presence of pathologic 
cells (FO) and a rel&tiv© increase in prohemocytoids (I), 
SEicoth*.contour ciiroaophllea {11} > spheroidocytes and 
degenerating cells (VXIl). fhe rt&les showed more pathologic 
cells CPO) than females, but the blood picture in both sexet 
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was essentls-lly ©.like. In snlte of the presenoe of pathologic 
eells, it m,n be aeen tii&t the differential count is still 
vlthln raare or leas normal Unite.. There vms no increase in 
mitotic figures. 
Isble 26 siioitfs differential and total hesocyte counts 
from l&rvae treated t#ltii f«ire DBf powder externally. One 
itotir l&ter one larm shewed an apparent hemocytosis (leuoo-
oytosis, f.I.O, -rain© 90|000) was associs-ted vith a 
marked inore&se In fuslforai cells fhree hours later 
in another larm there was a rel&tlTe inorease in plaaimtocytes 
(I¥) and degenerating cells {fill), fhifi larTa was baoterially 
infected,, v-lhet'iaer this was a "nat^ira.l'* infection or had, been 
precipitated by the poiuoning %raa not ascertainable. T^ r^enty-
fo«r hours after application of the poison, 3 larvae showed 
a© signifleant change In tlie f.H.C., which Yarled from 29,000 
to 59»000 cells/ctt. ma. One of these larvae showe«i en enormous 
increase in protiemocytoids ClJjS). The other larvae ahowed no 
marked differential oownt ctianges. Mitotic figures in one of 
the larvae 59,000) were increaaed (0.%.5). 
A aerie® of larv&e ¥ss dorsnlly swabbed /^ith DDT In 
acetone and studied at intermls for a period of 9 d&ya. 
ftrenty hours after application the mean total he?noeyte count 
was 50',200 oells/eiu ma.? at 72 houra it was 46,000; and by 
f6 h.mr§ the T.S.C, wm 6^ ,1.50 as .ahoi'm in Table 2?. For the 
iaost part, th® f.H.O. for tla® isntir© testing period was 
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eseentlally wlthla nonaal liinits. fhe mean T.H.C. Taried from 
M'X,XOO to ^9»150i lndi¥i6Aial mrlRtlons w@r© from 22,000 to 
95 #000 eella/o». 
AlBo, in the fetoove series of l&rra.e, there was a tendency 
for the plasiaatoeytes Cl?) to Increase {from at 20 
hour® to 71 aad 71 at hours and at 6 days). There was a 
signifieaat r@latlire Inerease in the swooth-oontour ohroaophiles 
vm. the prohaffi.ooi'tolds were most prevalent at 72 hours. Th© 
Biisber of altotld figiirea did not appear to be signlfioantly 
altered; hoveftr, on© oast at the end of 72 hoxirs showed a 
high Rttsber of mitotic ealXs (X.lfi). Vlhile pathologic cells 
CPO) m&f appear as early a® 20 homrs after application of the 
poison, they were most tficisnt at 72 and. 96 hours after poison­
ing. In lajwa© which survived aa long as 8 days no pathologic 
cells oould be 0g©ft» fiw significance of this finding is not 
known. 
In fable 27 differeae®s between differential and total 
heifiooyte ooiints at 72 hour© in one non-convulsive larva (symbol 
o) and cmnts for other larvae whieh v&re convulsive (symbol 
are indioattd, fhe non-eonvulslv® larva shoirefl a T.H.G. of 
28,500 oelli/oii. mm. , which t^f&s lo%f@r than th&t of any of the 
convulsive l&rvae in the sa-me series. This T.H.O. difference 
suggests that the heiaooytoses (leiioocytoBes) '-rhich may b© 
aaaooiftted with oertain kinds of poisonings may be due to the 
.ii0oh&ni€5a.l agitation of the hemolymph volume by the convulsive 
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s^iKurea so that, a greater pe-rt of the heraolyaph population 
is forced into suspeiisioa. fhe plasia&tocytts (IV) were con-
sider&My lower in the aon-eommlsiTe timn in the conviileiv© 
l&rw&e. 
Tlie blood aras&r of on© very toxic larva 9 Aaja after 
poisoaiEg with 1^ BDf in soetone showed large 'msses of pro-
heiaooytoita (froii 5 to approximately 75 ©ells pea^ mass). 
Siese masses strongly resemlslt hesiocytopoietic organs, tfhat 
sueh liQifloei'tlc aacaiimlatioiis floating in the hemolyraph are 
©xtreiaelj imuaml sad abnormal is e-ppsrent (Plate II, Figure 
23), They are not neoeisarily & p&thologic eellular agglutina­
tion of priiaiti're oells, fhey laay represent a "temporary'* 
or &n "eaiergenei-* hemooytopoietic •'org&ni'^ It is perhaps 
signifiosnt la this oonneotien to considsr the faot that 
aitotic figures were not ohserwd in any of the prohemocytold 
mmsm* It should he again eraphasisefi. that prophase could not 
he recognized in the hemoeytes of I'enebrio aolltor. It should 
not he inferred, without ©onsiderahla reaervstion, that 
fenebrio does not poessss heiaocytopoietio ••organs" especially 
•:i:- t,.-•r.T-:! 4 " v.-.uao 
Maximow (1928) pointed otat that the lymphoid tissue of 
©nbryos and n0w~bor.c fflaarasls oontainod no germ centers and 
that even in the adult these gera centers w@re not constant 
hut disappespfd or arose i&oeording to' changing physiological 
corwlitlons. Dawson (1933) eaphasises the im^sortance of the 
hlood stream fts & site ot red cell Aiffarenti&tion 6.nd 
proliferation (in Jjir-hlbia) without any ooiBpensatory 
©rythropoiesis of hemopoietic sites in aplenectoaized 
Meeturus. 
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lander otrtain patiioiogieal conclltions. Normally, hemooytlo 
B»ss«s m&f OQmr almost anywher# In the heiiiocoele and are most 
frequsatiy seen in relation to the fat bodies and in the 
pericardial regions, b«t these laaeses of primitive or more 
speoialized eells h^Te never been seen in mitotic division 
in situ, and the looations of these m&ises ar© not neoes^. 
ssrily constant. In so far as preliminary observations on 
normal fenebrio indie&te, it is tentatively held that the 
laealwora dots not aorimlly possess a strict heraooytopoieti© 
org&n snd that mitotic division occurs largely if not ex-
olusively in the oireulatlng heraocytes of this insect. 
f&ble 28 indic&t©® that ©3£t@rnal gyiaptomatology laay be 
useful In coBjwetiofi with heimtological d&ta to elucidate 
otherwise piiasling data froii the same aeries of treated in-
seots. It can b# seen froa fable 28 that larva® which were 
very fetble &nd obviously fats.lly poisoned^ showed relative 
to sever© heaoeytopenias Cleuoopenias) and highly significant 
increases in the nurabers of plasmatocytes CiV). It should 
be pointed out that & hesocytopenia^ and a plaomatooytosifl 
^Meimrds ajid Gutkoiap 11.945) have well pointed out that 
*the ui@ of peripheral aoveiaenta aa an index of life does not 
indicate C'riaibly pathological) cells ar© still living." 
^P&illot (1933) in^ hia studies on phagocytosis in Insects 
noted an Intense "hypoleuoocytoeis" (heiBocytopenia» leuoopenia) 
iaraedi&tely follo%flng inoculation of bacteria into the herao-
lynph, &e4 considered it to toe a simpl© physico-chemical r©-
action, ie referred to it as a shock reaction. Essex and 
&rana (19^9) in thslr study on th© behavior of rabbit leucocytes 
In periods of induced tranaient leuoopenia accounted for it on 
the'basis of the leucocytes being temporarily removed from the 
oircul&tion &B a result of a non-specific stickineae of the 
leucocytes. 
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are mot neoesiarily p&thognoTOnic for a generalized necrosis, 
filtiiowgh neeroee®, #@p©elally when they are b&cterially 
initiated, e&n and fi»equeatly do lead to such heiaatologieal 
findings. 
The differenttal eoMiits CTaMe 28) &n<i the very high 
number of pathologl® (not n©eessarily dead) cells (1^60^) may 
well be refleetiona ©f the initial phase of a poat-mortem 
atate {®@© Riohards and Gutfeomp (19^5) fos' a ftiscussion of 
tliia possibility). 3ach a Ijlood pieturt do©8 not imply 
that we sr© her© dealing vith a direst action of the jjoison, 
hdw@v®r applied, m th© heaoeytes theaiselves, hut only that 
the savtrely ateormal «tst© of the whole animal may be re-
fleoted in th@ he»ocyte picture. It should be borne in raind 
that th® blood picture la frectuently not oh&nged even by sever© 
pathologic state®. 
Out of 10 l&rvae treated by swabbing with 1^ DDT acetone, 
9 were alive 1? days after treatment. On© ms dead. One 
was very shriinlten and dehydrated and its larval legs ^ 'er© in 
constant tremors. It w&s unable to maintain an upright posi­
tion £n<l aost of the normal responses were absent. The larva 
was at the point of iariinent desth. A differential hemooyte 
count w&B m&de from this l&rva and is given in Tp^ble 29. 
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Tabl® 29 
Differentis-l hea0Cf;t® sount from a lawa dying after 
exposure to 3Wg In aoetone for 1? days^ 
^ heiioeyte classes % 
1 11 III If ¥I ?II ?I2I M F 
33 Q •0 62 5C^) 0 0 1 Ilk 
oontrol 0 1 1 57 0 1 0 19 
fhe smear «bo»ed of the eells to eont&la large dark 
purple to rid gratitilesi 18 > of thB cells contained hyp®3t"-
tropliied nuclei; of tiie sells had a diffuse eoainophilia 
fneorotlo?). l%er© w©r® no mouolated C'©lls, no fat toody 
©ells, n<s plsstlds, no cytoplasmic blotching, no torn or 
ragged ©e.ll Burtmrn* 
2. Beogene fatmehlerlde 
Benzene tiemchloride (BHC) in talo (8 1/3?^, containing 
gamma Isomer) m© applied to fenebrlo larvae and th© 
heiastologlcs&l data for tkeas are summarised in Table 30. 
f&M© 30 
Differ©atlal litaooyte o©«nts from larr&e poisoned 
witli 8 1/3^ Ijenaen© Mexaeiiloride duat 
oont&ining aamam isomer 
Time Mo* f» hmmjte ©laas00 
fcottra used 1 11 I I I  IV 71 YII ITIII 
2^  ^ i A )  li^  2«0 0.6 0.6 45.6 49.0 1.9 0.3 
2k CB> 17 1.9 0,6 0.3 31.3 64.9 0.8 0.2 
Zk |C) 14 1.0 0.14 0.4 43.6 54.3 0.1 0.4 
38i 13 1.4 0. ^ 0.07 37.6 5.6.8 2.1 1.2 
Alttiongh the larvae poisoned-witli benzene liexachloride 
were very toxic in appesr&Jioe and showed apparent quantitative 
retwotiom In blood volume, it oan be seen that thesa changes 
art not r®fl©ot@d lii tirie dlffsrential count* With the excep­
tion of fairly high percentages of epheroiftooytea (VII) and 
jJtgehtrating eel3.0 ao outst&nding. changes were found. 
So total eounts were aad@ for the#© larva.©. 
3* $oxagh€iie 
Oouats fr©ia larva© poisoned axtern&lly v;lth 5/3 ^-nd lOji 
toxspheae in talc shown in •w'&bl© 31. 
fal>l8 31 
Mffeipsntial heaoeyte eounts from larvae 
with tomphem 
Time So. ^ heiBOcytt olasseB % 
homri used I II III If 11 ?IX ¥111 M F 
10^ toxaphen© 
2k U 1.3 0.6 0.4 39.5 56.2 0.^ 0.9 0.6 45.8 
eoatrols 0.1 O.i 0.8 39.7 59.2 0.0 0.1 0.02 15.6 
5^ tomphene 
Zk 12 0.3 0.0 0.3 30*9 68.if 0.1 0.0 mm 
3| 17 0.9 0.9 0.25 33.BI 63»5 0.^-3 0 .3  -
$k 
$6 
7 0.3 0.0 0.5 39 .2  59.5 0.5 0.0 
11 0.1 0.3 1.1 ^.s 49.4 0.1 G.l 
•controls 0.9 0.1 0.8 ii-8.2 50.2 0.0 0 .0  
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In tsme of controls the blood picture In 2i+*hour tox-
wphem C 10)1')•poisoned larm© &hma a relatlTe increase in 
prolieRioejftoias (1) an# in the nuiaber of mitotic figures (M). 
Sie larrae were all eteorjial. 
io siijnlflcaat differential o,o«nt alteration occurred 
in, larrae poisoaed by 5.^ toxaptiene. 
k» Sodium ,fl.u0ri<li8 
Adults p&lB&mA with 95^ soilua fluorld© had differential 
heaocyte mtmt§ &i s«miaariEe€ in f&ble J2, 
fable 32 
Mean differential liemooyt© count for adults 
poisoned %/16ii 9$^ sodiua fluoride 
Time Io. ^ hmmojte classes 
'liouri tis«d I II III I? 11 ?II ¥111 M F 
24 1? •0.6 1,W 1.58 38.5 56.17 0.29 0.2 30.5 
controls O.l o.€ 0.3 -^9.0 k 9 ^ f  0.2 0.1 0.2 15.5 
Gofflparisan of iteaoei'te eoimt® from sodium fluoride poisoned 
adult® with eQunts from controls indicated, timt tiiere %/as a. 
relatiTe imF0&M& in thB aaooth-contour ciii^ omopliillo cells 
CII), oeaocyt-tlike cells CXII), spfe^roidocytes and in. 
tlie fusiform cells IF). In a nuaitoer of the smears from 
poisonet adults, cells were eneountered whicli oonta.in©d or were 
filled ¥ith relatlTOli' large intensely bagoy>hlllo inclusions 
of ifariable ilaes {Plat© II, Flgurea. 31-33). Cells stellar 
to these did not oecur In larrae, i?hl0h are oonsiderably more 
3?eslstant tlian the adults, The slgnlfioanoe of cells with 
Msophilio Inclusions is sot knoMn nor is the relationship 
apparent hetwetn thags hemocytts and the other heraocyte classes 
possit)!® that the basophilic inolusiona 
may he of endogenous origia (afenorraal '*cyst0«?-) or are 
exogenous {phagocytos©4 llpoid&l material?).. Cells with 
fesiiophille iaolusiommried from mm to 10^. 
Data for aodiJAai fluoride treat®d larr&e are shown in 
fable 33. fh@s@ data Indioat© th&t there is no fundamentally 
significant change ta either the differential or total hemo-
oyt@ oounts. Sone of the hemooytes from such treated, larvae 
were abnoraal. 
5. Mieoting mTJors 
Count® froa larr&e ©wrTiTing ^ i^-hour niootinej-vapor^ 
exposure at room teap@r&t«re {25® C.) are presented in Table 
fhree of the experiiaentsl snisala sucoiuabed. 
fhe' Biost eignifloant hematologieal feature in nicotine-
TOpor-poisonefi larvae is the exceptionally high total hemo-
oyte ooufit mine, fhe highest count for any ind.ivia.u&l in 
this study ms 215*000 eells/cu. mm., & value over 4 times 
•^Menus&n {19^t^) showed that the oontaet toxicity of 
nicotine for fenebrio w&e 3.20 lailligraas per gr&m of insect. 
f&'ble 33 
Indiviaii&l total and differential hmmoyte eountE from 1-ajrra# 
tr®at«<l ex:t«i»n&lly with 90 sodium flttorifl© 
^ liOToeyte classes Awer&qe f.H.C. 
€ayi 1 II III If ?I ?II Till M F ©#lls/eu. am. 
3 isys 0.0 0.0 0.0 52-0 40.0 0.0 8.0 0.1 7 '43,000 
3 &&jn 4.0 0.0 1.0 55.0 40.0 0.0 0.0 0.2 6 26,500 
3 days 0.0 0.0 1.0 71.0 28.0 0.0 0.0 0.1 16 18,500 
3 day® 0.0 0.0 0.0 46.0 50.0 0.0 4.0 0.0 16 54,500 
3 €ays 0.0 5,0 0. 0  58.0 40.0 0.0 2.0 0.0 5 47,500 
leatt 0.8 o.o 0.4 56.4 39.6 0.0 2.8 0 .08  10 38,100 
5 tays 0.0 0.0 l.G 51.0 4S.0 0.0 0 .0  0 .0  8 42,000 
5 days 0 .0  0.0 1.0 41.0 5S.0 0 .0  0 .0  0 .0  11 56,000 
5 tayB 0.0 0.0 1.0 6 f . Q  30 .0  0 .0  0.0 0 .0  7 40,500 
5 4ayB 0 .0  0.0 1.0 54.0 45. 0  0.0 0 .0  0.0 10 32,500 
5 a&ys 2.0 0.0 0.0 68.0 30 .0  0.0 0.0 0.0 21 2f,5O0 
Mean 0.4 o.o 0.8 $6,6 42.2 0.0 0.0 0.0 11.4 40,100 
6 daya 0.0 0.0 2.0 58.0 40.0 0.0 0.0 0.1 34,000 
6 asjg 0.0 0.0 0.0 60.0 40.0 0.0 0.0 0.0 56,000 
6 da J 8 0.0 0.0 0.0 50.0 50.0 0.0 0.0 0.0 56,000 
6 d.aye 0.0 0.0 2.0 66.0 -51.0 0.0 1.0 0.1 - 45,000 
6 dajs 0.0 o.o *+. 0 56.0 40.0 0.0 0.0 0.0 48,000 
Meea 0.0 0.0 1.6 58.0 #0.2 0.0 0.2 0.04 47,800 
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fabls 
ladlvitoal. total and dll'farefttial tieaooyte coimts tvom nieotiri®-
vapor-poisoned mealwona lB.TV&e ik&-h.miT ©xpostire) 
4i ' heaooyte olasses /» f.H.O. 
Musbei* I II III lY ¥1 Til Till M p pa oells/oit. sa-
1 & 1 0 •«3 28 If 0 0 20 j^i . 152»000 
2 •p# .. — « 2if 
3 2 3 1 57 37 0 0 0.1 17 - 215»000^ 
h 2 5 0 50 0 0 0 15 19 l?5tOOO 
5 0 0 0 50 50 0 0 0.1 23 10 «w 
6 6- 0 0 50 •^2 12 0 0.1 "9 60 82,000 
7 10 2 0 25 If7 15 1 0 15 «» 
MO&B &.0 1.86 0.16 Is.?. 16 39.5 5.16 0.16 0.05 16»5 3^-.^ 156,000 
of the cells contained "rsowoles (2% with gross vacuoles). Hone of th® cells 
shotfei hjperti'ophj or atrophy or kai^orrhexis. 
^Si^ei^oidocyte-like cells 6^; cells i;/itli siaall nu<»lel (CSM) l6jC; karyormex:is 
1^; poikiloherioeytes is-^. 
that of the ncriaal air©rage total count Caee fable 4). Pro-
heffiocftolda (I) snd spiiaroldocytee |?II) tended to inarease. 
'Ihte mmher of pathologle eella (PG) in some o&ses %'Jb.b very high 
l60/»). flie stTen siirvlvlng larme were not iaiBiediatgly heat-
fixecl after reiaovsl frea the vapor oliamber bat were left in 
tiie air for a. period not exceeding 30 ainutes px''ior to making 
the lieastolGgieal sttidy. 
M. Tiie Efteots of Acetic Acid, Olive Oil, 
and Etimaol Injections 
1. Acetic acid 
ffeimtologic&l data for l&rme injected with, 5 f ^  acetic 
aeid in distilled water (0.01 ral. injected) &r© sho%?n in Table 35* 
fable 35 
Individual totel &nd differential lieraocyte counts from 
l&rme injected with. 5^ ac@tie aclA in distilled wster 
fiae 
hours 1 It 
^ heiiocyte claasei 
III i¥ n ni ?III 
7^ > r 
« 
ei )& 
F 
Av. T.H.C. 
cells/ 
cn. mm. 
k$ sin. 0 I • 2 11-2 5^ 0 1 0 10 22,500 
20 hrs. 0 0 0 H'Q 60 0 0 0 10 66,000 
k2 hrs. 0 0 0 7J 27 0 0 0 - 38,000 
68 iiTS* 0 0 0 56 1^3 0 1 0.1 16 15,000 
Porty-five raintites after injeetion the total hemocyte 
uoiint siioif©4 a relative daertas© altlaougii it was still within 
the normal mnge. fli® differenti&l hemooyte eonnt was ©s-
ientially noriial. fwenty-iiours after acetic acid injection 
tiler© was a relatlT© liemoei-t.©®!© C®till tv'lthin the normal 
range, however) unci tlrie differential count m® normal» but after 
kZ hmru thera wsi & sigaifleant inorease in plasmatocytes 
Call ©f thme larva# at 42 hours wtr© extr®ra®ly to3tio)» After 
68 hours a eignifieant heraooytoptnia developed. All of the 
plasa&toeytes (5#^) wer© ateormsl in the 68-liour larva. 
The fisjorlty of th© larme injecttd with 5/5 acetic acid 
and segrtgated for observation of tJi® overall effect, survived, 
pupated, and developed into apparently normal adults. 
A few larva# were injeoted iflth oliv© oil emulsion in 
distilled water .(0.005 biI* injected) to which "Igepal" had 
been added, fh® hesstologioel data from these larvae are 
shown in fabl® 36w 
i'afel# 3-6 
Individual total and difftrential hemocyte counts from 
i»©alwr« larvee injected t^/ith olive oil ©iiulsion 
^ heraocyte classes /•» 
tlVAB I II III I? ¥I fll VIII M F PO T.H.O. 
30 ain. 0 0 Q 50 ^9 1 0 0 •25 0 39,500 
20 hrs. 5 0 0 56 39 0 0 0 18 11 39,000 
42 hrs. 0 0 0 70 25 0 5 0.7 0 ^ 0,700-
68 hri. 3 0 0 ^•5 32 0 0 0.1 19 0 30,000^ $6 hr@. 0 0 0 72 28 0 0 0.1 12 lil ^1,000"^ 
^Otlls with ssisll nuolei CGSM) w®r© very high; 5^^* 
%ell8 with aaall nuclei (CSN) were high: Z5)i. 
-1^ 2' 
Oliw oil emulsion Injeotions into the heiriolymph tend to 
pi'oclwe® what miglit b© tensed a "regeneration picture"! tiiat 
is, the fflltotie figures tend to inortase; frohemocytoids (I) 
also increaiej and a slgnifioant shift in the number of 
pla9ms,toeyt®s (If), in partioular the aioroplasraatooytes, 
occurs. These are also the findings in larvse recovering from 
sterila wounds Ceuticular). lowsTer, there is one difference: 
the T.H»C. in. eatilsion-iiijeeted. larrae shoira no significant 
eliange, while in t,r«e regeneration the IM.O* increases (un-
pMbliahed obserTfttioni, JTonea, 19^9) • 
3• Ethanol 
Parenteral injedtions of 1^5 ethyl «.leohol in diatilled 
water C0.0§5 ffll* injected) were made and counts for 5 larvae 
are shown in table 37* 
fable 3? 
Individual total ant differential hemocyte counts from 
aealwor® la.rr&e injected with 1^ ethanol (28 hours) 
% 
Average 
> Hemocyte clM&m % T.H.C. 
So. I II III I? VI ¥11 ¥111 M F PC cells/ 
cu. tua. 
1 0 0 0 6Q ko 0 0 0.5 13 6 • 
2 0 0 5 50 kz 0 2 0.0 5 9 22,000 
1 » - MM. w - 14 
0 0 0 48 iff 0 3 0.0 • 29,000 
5 0 0 0 k6 54 0 0 0.0 11 «MN 21,000 
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StiiaRoi did not materially alter the dif­
ferential heiaocyte eount, b«t pathologic o©ll$ (PC) were 
treqiieatly prestat, la qub eas© as high as 1%I. As corapared 
with controls,, there was a relative hemocytopenia {l©«oopenla). 
The larme lffiaffii&t@ly &ft®r iKjectioES made csurious movements, 
turning rapidly oirer and orer, bat they did not show treiaorB 
QT regl-ofial paralysis and, the effects %fer© of relatively short 
duratloa.. Jill appeared briefly hyperaotiire aad exhibited 
gefieral dlsorieatation. 
©. Goiaparlsan of the leaooytes of fenehrio 
with Other Cl&ssifleations 
!«xile there are obTiows limitations in a close comparison 
toetwa#n this Tariows heao-eytee of fenebrio &M the heraocytea 
deicribed by other workers, it is neTsrtheless possihle to point 
out tome an&logies. 
fh® prohsaocytolds of feaehrio (Plate I, Figures l-^f') 
correspond entirely to tht proleucocytes and proleucocytolds 
of other classifications. They are the stea cells for the 
other elsssei, fhty corrsspoM to the macromicileocyte® of 
Paillot (1933)* Hooiefeoom (1937)» Jackson (1939); to the 
a,aebocyt®B of small else of Gmenot (189^) J to the prolympho­
cyte® of Sriiia (1939)1 to the young •'mother cells" of Mathur 
ethanol on ths rate of cell dlTlsion. He found ©thanol 
inhl'blt«d cell dlTiiioni l,i ethanel Inoreaied the tim© for 
©ell dlfiiion 3.5^? 1*5^ eth&nol Brought about a oell-divislon 
tlae lapse of 15^. 
ajiQ 3oniil937)i 'to the young blood cells of Brantz} to the 
youfig l0tiooc|'t®fl of foyB.Tkoff (1910); to the roimcl cells and 
priraltiire blood oells (••IJrzellen'") of Laa&ranko (1925); to the 
presatbooytes of Oten (193-^'); to the liemocj-toblasts of Bogo-
J&?l©n8j£y C1932); to the formativ©' eells of Mti.ller (1925). 
fhe siflootii-oontoursd ohi'oaephillc cells (Plate I, Figure 
5) are not e&sily eomp&red t© oells from other classifications. 
Wk-mf oorTOspoQd to thoi® of le&ger Cl9^f-5) snfl probably to th© 
yfiihg leueooytea of Mlllam (19^ ?) others. 
Oeiaocjt«*ltk® cells C^eaooytoid®) of fenfebrio l&rgely 
correspond to the oenoojtoids &acl ©©nocytoides of other 
Gl&8s4,fl0s.tioRs. In fangbrlo the oenoeytoidB are never 
eOBlmophlll©, as reported by a number of workers for different 
Inseet#. 
fhe plssiastooytea of fgoebrio (Piatt I, Figiiree 6-14, 28, 
30-33) appear to eorresportd la g©aeral to the amebocytea of 
large size and to the aiieboeyt@« %rlth fine aoldophilie granules 
of Ouenot (1896); to th© meroKueleoeyt®®., micronucleoeytes, 
&nd iatesiaedlate foras and perhaps to aoaie of the granular 
lemoocytes of Eoosebooia (1937)I to the tranaitions,! and large 
IjBiphocytes of Eraln Cl939)» to the phagocytes of Mathur e,nd 
Bmi (193?) i to th© trsBsition&l and adult blood Cfcslls of 
Bniatz (190S).; to the ph&gooytes &nd perhap® p^s-rtly to th® 
granular leuoocytes of Ilollsride (1909); to the phagocytes and 
8'©l©iiiforBi cells aad in part to th© youag leucocytes of 
Poyarkoff (1910); in part to both th@ macronucleooytes and 
mleromoleoejtes of Falllot (1933) and Jackson (1939); to the 
ipindle cells of L&mrtnko (1925)i to the joung, old, granular, 
and selenlform cells of foisson (192^); to the phagocytes of 
Holland# (1911)J to the leueocytes of Muller (1925); to the 
amebooytes srtd iiiaaroeytes of Chen (193^); young and old 
leucocytes of Huftt&gel (1918); and they largely correspond to 
th© phagocytes of Millars (19^7)• 
fhe vermtforia cells of f@n©torl&. lik© those in Prodenia. 
are probably not coiapsrabl© to cells of other olaaslflcatlons. 
fh© ,cyatocyt@s of fe.aebrle (Plate I, Figures 15-18, 19«-27) 
raay be partly ooaparable to the gramiiar leucocytes of Roose-
boom (1937), Holl&nde (1909# 1911) and others; to the granular 
eoslnophili© cells of Laaarenko (1925); s,Kd p&rtly to the 
aicronueleocytes and aaoronucleoeytes of Paillot (1933) and 
Jackson (1939). fhey largely correspond to the granular 
leucooyt#a of Klllara (19^'7). 
fh6 spheroidooytti of fenebrio (Plat# I, Figures ^3-45) 
laay be partially homologous to some of the spherule cells of 
Holland® (1909, 1911)., Foyarkoff (1910), Rooseboora (1937). 
and Wigglesworth (19^1-7}; partially to the adipoleucocytes of 
Poisson (19211-) &nd Wigftle©worth (19^7); and to the raicro-
nuoleooyt©s with spherulee of Paillot» Apparently they are 
not eoap&rabl© to the spherocytes of Bogojavelenaky (1932), 
nor are they wholly comparable to the spheroidocytes of Yeager 
— 
(1,9^5)• It may be tli&t tliey represent degenerating cells. But 
it is e«rt.ain that the mowolated ©ells termed, spheroidoeytes 
are not dtrired fro® oystooyt©® nor ax*e they dis­
located fet cells. 
However mtieh ths aomeiielature siay vary, it can be seen 
froia this brief survey ©f some of the classifieations of 
Insect hBnoGftm that there is unanimous agreement on th© 
©xlsteno© of Cl) primitive stem cells; (2) ameboid blood cells 
largely concerned with ph&gofiytosisj and (3) degenerating cells. 
fhese 3 elasees, at least, oeour in all inseets which 
possess fre# blood oella. In addition, depending variously on 
the order, apeeles, or stage of develop.ment of the insect, 
there isay ©oeur (4) gr&milar e©lls;^ (5) blood eells with specific, 
oolorl®ss, romad inelusions; C^) blood eells with explosive 
vesicles including thos# in whiol'i the vesicles have enjipted; 
(7) si!iooth-oontoitr@d blood ©ells, generally referred to as 
oenooytoldsj &M other speoial cells such as Ye&ger's {8) 
podooytea, and i9) veralforin oells. 
It aeQcis unfortunate that, although we have had ma-ny 
olassifleatlons of ln§©ot blood eells, wt have had relatively 
Ohuye (1938) in a study ©f Ml- Invertebrates in 6 phyla 
found that gr&nular inolusion® were a constant finding in 
the •^erythrooytea" of oertaln invertebrates; he considered 
thejii sn&logou0 to the grsnul&r leiicooytes of the invertebrate® 
and believed thait •'erythrocytes" ar© ©isentially modified 
leueoeytes,. ^®rda.n (1939) hs,s aaown that the vertebrate 
lyaphocyte Is erythrogenie, and Bloom (193?') has demonstrated 
that the rabbit lyaphocyt® transfornis into a pseudo eosinophil. 
.?#¥ eoaplete differential heaooyt® oouats from the Tarioiia 
dsTslopiaeatal stages of the nwiaeroua insects ©xarained: I3 
ori,ei»s and at least 168 different inseeta liaTe been studied. 
A mmh&T of insect heiaocyte el&ssification ssrstems were 
used to see to what extent thej could provide Information 
oompamble to that obtained witii the hemocyte class counts of 
Yeag®r*s system, iloat of the other systems were not to 
be satisfactos-f, although H©llaade*8 (1911) and l#iggleswGrth's 
(19^-i'7) aclieraes ^ert lanch. superior to older classifications. 
Both diffsrential aai total blood-eell counts throughout 
th© Animal lingaom exhibit wide norms,! Tariations,^ and 
similar mriatioES in such counts oeeitr in the mealworui. Thus 
it ia diffimilt to srrife at ooropletaly s&tiaf&ctory genera.liza«» 
tions concerning changes ia thase oouats ¥hioh m&y result from 
mrioui pathologioal states that affect the whol© organise. 
F. Eeaooytosea 
Heaooytoses m&y omnr ia a«j*tain pathological conditions 
and amy to© chsrsoteristie of eertain kind® of poisoning such 
as that hy nieotin«<-Tapor, hut hemocytoses also occur under 
apparently norml oirmiastanoes. fhey may he associated with 
no ehsnge in th@ iifferenti&l eount, hut in the mealworm they 
^Wlntrohe ^9^1-2) report® that li;^ of apparently normal 
huBisns haTe leiieooyte count a aboT© 10,000 eells/ou. EIHI. 
im-
SifB not infreaiiently aecoBsp&nied by & m&rked increase in th® 
pl&sifi&tooytes Cplasia&tocjtosls). fhe pissmatocytes of the 
m&'S.lvormp and of & atimber of othef insects ©xairiined, at various 
times bj tlie awtlior In tliis inTOstig&tion, somewhat resemble 
the lysiphoid ©leniente of the vertehra-tBs, but ph;^siolo;:;;;lf;fO ly 
thej set liJse Tertebmte neiitrophiles and increases in their 
numbtw see® analogous to & neutrophilic leuoocytosls of the 
Tertetorate, Perhaps the analogy should, not be carried this far. 
Re.snikoff &rifi litaaikoff (193^) believe th^t the dogfish lyraph*^ 
ocyte takes th© plao® of th© iB&fitaaliaii granulocyte or poly-
laorpliomtclear q©11.^ leaocytoies imy &lso bo aocompanied by 
increase® In proheraooytoids (1), the joung, primitive, imdif-
fereritistsd etera^o-ells; by inoreasea in sfaooth-contour chromo-
phiiio cells Cll); aM by the presence of the youngest of the 
•plasaatocytes, the i:tlcropla.ira&tooytes. Siieh a blood picture 
appears eoaiparable in saany respeots to the so-called "shift 
to the laft*' in vertebrate hesmtology. It raay be aBSOoiated 
with incipient bacterial Infections and with parenteral 
injections of aaterials, swdli &a India ink, colloidal gold or 
iron into the heiBOlymph. A hemocytosia v/ith or witnout a 
"shift to the left* laay Indicate a physiological response to 
goiie general exoit&tory agent whether- it be horr!io.ne, Doison, 
or h&-eterl&; A bacterial lienioojtosis in ye^aebrip is axvoar-ently 
^fteznikoff and Heznikoff (193^) &l8o reported a wide 
W»B.O. range C60,.000 to 178,000 oelle/cw. wro.). 
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of very short duration and is generally "masked" toy a sudden, 
iSTer®, and often fatal heniocytopenla. Most bacterial infeo-
tions In tiie ffl®ali#orfa- are socoOTmnied by the presence of 
nuraerous abnorne.! Iiewocytes in the hemolymph stream, many or 
all of which show karyorrhexls. In addition, there may be a 
soraplete sBsenee of eyatooytes (VI), 
I'feer© neorotle eonciltiona ar© ra&rked, all of the heraooytes 
raay ahov a diffuse basophilia with no nuclesx^cytoplasjnlo 
differentistlon, and such conflttiona are alwost invariably 
sssoclatfd t/lth Tery laarked heraocytopenias. 
l4ost particulate injeotions have a marked tendency to 
prodiise an alaost iaaediate hemooytopenia (shock reaction?). 
How@¥er, this reAuetlon In heiaooytea may either be of short 
duration followed by hej?5,ooytosis, or by return to normal. 
Oecaslon&lly tho hemooytepenia raay last for some time and either 
grow •oro.gresaifely more mrere, ending in death, or be super-
oeded by a pronounced heaooytosis (a dela^yed reaction), as in 
ciolloidal gold and oolloldal iron injections where the nephro-
oytes and other tissues may be poisoned or irritated. 
(loavtilgions brought on by poisonous agents may be associated 
with a henocytosls, as in larrae polaoned e.:^ternally Kith DDT 
9 in acetone. TJitimtely, however, a fatal heretooytopenia sets 
%oraan (19'^'»'1) oonoluded froa a study of granular ohanges 
in leueoeytes of man after surgiosl operations that a decrease 
in the auxaber of granules occurs after severe traumas and prior 
to death. 
^iigglesworth |l9^l5) noted a leueocjtoaia in a case of 
DDf poisoning in man. 
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ia as the ©ffeet® of tii® poison become mor-e pronoimoed. It 
m&j be that the heraoejtopania rireoedln'g daath in Tenebrlo 
lawa® is an "eAaustiori heaooytopenla." Lord (19-^9) sug-
gtsteti tlist death froii DT3f poisoning In insects was d.ue to aoBie 
breaMowa arising from hyperactivity and tii&t the insects 
ultimately die of eivdiaustion.. For other explanations the reader 
is referred to MetO£ilf@*s eritioal review {19^Q) on the v/hole 
sabjeot of the raotit of action of Ijiseotlcldea. 
Certain poisons, siicti .as sodiiiBi fl-aoride, s,pparently iiad 
no effect on the total hesoojte counts of larvae eren after 
eight d&ys of ooBtiniious exposure. E^en in larvae injected. 
with 0.1/1' BDf In aoetoae-saline tliere was no marked cliang© In 
the total hcfiocfte comt after 2^^ hours. 
Kicv>tln« uapors, probably through their par&lytlo action 
on the %aart," eaiis© a blood-cell stasi®, thus giving v/hat 
appears to "b® a profound. hemocytosia. Ooon {19^^-^+), by means 
of a fluoreaoent indicator, showed that nicotine poisoned 
ro&clif?s had an altered circulation with no hemolyajph flow in 
the terminal parts of the appendages. 
It appears that, while Intre.-hemolyiaph mitotic division 
of the hemooytee undoubtedly contributes to roost heinocytoses, 
other foroes play Isrg®, if not more significant, roles in the 
general inore&ae. It is oonoeivable that an increased heart 
rate,.or inortased heart amplitude, could flush out areas 
where heiaocyfces iiad aggregated. Also it m-y be that under 
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mrtMim toxic conditions the priaitlT© undifferentiated 
aes©nciiyffle is toroiigiit into aotiTity. If a hemocytopoietic 
orgaii were present, one oight exp@ot it to exhibit & narked 
iatsreas© in pitotie o@lls» biit in the few toxic las*vae exariined 
there w&s no apparent siitotlo activity ia the hemocytio acoum-
ulatioas. Hsw'^er, tliis prolaleia siiould b© »ore elaborately 
©tttdied* 
Q. H.®nooytopeiilas 
Ab polated out before (p. 80}, hemooytopenias occtir 
aoraally but are leis frequent than physiologioal hemocytoses. 
Where imthologie lieiiooytopenl&s oeeur, they tand to b© 
aasooiated with aboorm&l hemooytta, gensrally abnormal plasiaato-
cytes CX?). Heaocytapeni&s tend to b# <SiEra©t©rlstio of 
baeterial lnf®©tioa8 sM to be th© final atage in moat cases 
of violent or ehronio poisoning, although there are exceptions; 
for txaaple, hydrocyanic acid gas is associated with no change 
in the T.H.C. It is probable that & number of factors, such as 
those outlined by Lawren©© (19^-^1) in his study of leucopenias, 
operi-t® to prodU50 hemocytopenias in the Insect: (1) diminished 
production, (2) Increased loss, (3) aoceler&ted destruction; 
and (4) re^'distrlbution of the l©«.cocytes. In the present v/ork 
y©n®brlo r@"distribution due to tissue adhesion is prob­
ably the nain esuse of most phjsiologioal snd probably some 
psthologio heiiocytopenias. fo what extent heraooytopenia ie 
due to, or related with, cjlmngea In blood volume and osaotlo 
changes was not atudltd. 
Prolonged starration tenfts to be marked by a heraocytopenia, 
and. by an apparent in oystocytes (VI). It la sug­
gested th&t th@ plasiflatoeyt©8 -rfiilda. appear to decrease are 
sotually eonirerte^ Into oystoeytes. fhe f&ot that the oysto-
oytes ar© the doainant heaocyte class in the blood after 
prolonged, at&nr&tion tempts a suggestion that these cells 
aay b# ooncerned in ntJitritlon. However, the function {funo~ 
tlonst) of the cystooytes is not knownj it i® tentatively 
a:00iiii®d that they act trephocytioally, but this has not been 
experimentally proven. They contain aaong other things 
glycogen and glycoprotein Inclusions, and they may partially 
release their '•cyst©'*- as Intact bodies. It is at least 
certain that the eystocytes are not phagocytic; and., although 
they ffs&y be found in wound plugs or in encapsulations, especial­
ly during the earlier phases., they do not appear to be funda­
mental to either. Also, it la eonc©lv&ble that they release 
trephontlika substances to damaged and, perhaps, to normal 
tissues. ^ 
R. Cl&islfloatlon of Pathologic Hemocytes 
.Pathologic Chang'©® of heraocytee are arranged in the 
following oiitlinei 
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1. Heraocfte® shoving abnormal nuclear changes 
fa) luclear mcttol&tloa 
(ts) Niiel®Rr swelling^ 
(e) IC&r|-©riti®xia 
(d) Pyknosii 
Ce) Mnelesr irregularities 
if) Abnormal nuoiesr-GytoplasmiQ transfer 
( e )  Denucleatioaf partial or eoarolet© 
ih) Loas of definite niicle&r structurea 
(i) ,i.oiiroiia«ia (ehroimtolyalg) 
CJ) Blnmol©&tioa^ _ 
ik) Abaorael mitotic figures (siiaalated, mitoais}-^ 
2. Henooytes showing abnormal eytoplaamic changes 
(a) Oi-toplaaiiie Taeaol&tion^'''' 
Cl) Mlorovaetiolation{5 . araall Taouoleso 
iiiy"! ••••Iiiiiiri....' .r i. : • .n, , '.i l,I , j • i nr iii- ;, i : , i • i ti, i i. _ ni 1' i j "I' : , J ' ' 
Lazarew (194-3) referred to soae unpublished obsenratlons 
by nhsffibers (19^2) Fhioh ©howed that zriiorolnjmotion of strong 
eoncjentrstlons of ioAiiaa ehlorlde and potassium chloride 
dirt-otly th® mieleus of an asuefes results in the svell-
iRg of the ntaclea© Into &n enlarged, liquid, sphere. 
2 
Blnmcleatloa Is most frequent. among oenocyte-llke cells 
(III) but may dcmtr among the farloiii pl&ssatocytes (I?); it 
has m'^BT been teen la. any of the other heiaoeyte classes of 
fenebrlo. It »lght alao be noted that multlnuole&ted hemooytes 
ha-r© ne^©r b@@n if ©ft during any of these inTestlgations. 
^Xesger and l4wa®on (19^2) nottt an apparent tendency of 
heiBoeyte mcilei la poleoned Fr0d®ni& to exhibit mitotic aspects 
eapeel&lly prophssi^j. fo whZfexleHt apparent mitotic figures 
are abortl¥e- la not toawa. 
^GesErie-Beiael llfOf) considered that leucocytes with large 
fst yaeaoles were cells which had re-entered the circulation 
from some Inflaaaatory field. 
^In tox'OTlas fine fat -raouolts m&y be found In 
•r#rtebrat® leuoocytes, and some wrktr® consider these to be 
the result of direct toxic action. Btit the heioooytes of 
Tenebrio which hav"® fine fst meuoles laay or ai&y not be the 
rtsult of direct toxic action. 
£ 
®ln soiae eases, th© terai used by Richards and Gutkomp 
(19^5) may be preferreds they use the t/ord "hole" which 
liaplies &n opening rather th&n & flmld-filled cytoplasm!cally 
encased space. Bat both term® are exceptionally loos®. 
(2) Mesomcuolation: aedlura-slze vacuoles 
(3) Kacromouol&tlon! large to very large 
Ctj) Gytopl®.sial0 toxic granulation^ 
(1) Irregular coarse ©oiinophilio inclusions 
(2) Xrrtgular ooarse basophilic inclusions 
(e) Poljchroinatoplillie cytoplasas 
Cd) iHoreasft oytoplsssic Msophilla |e) Gjtopl&siiiic swelling 
(g) Oytoplasii %rit;li Irregular surfaces or irrefpilar 
Bliapai 
(1) Polkilohemoeyte® 
{2) Abaoraisl pl&atit formation^ 
(to.) Ooraplete cytoplasraio deatruotion 
It is ©Tident that ferj- eomplex relationships bettfireen 
tlieie tw large divieions |1 and 2) may occur in irarious 
coroblnationa, and tli&t tiiej mj all b© seen in one blood film. 
Loeb (1925) pointed out tlmt degenerative changes in 
sfseboejte tisau© of Liaulua depend on the consistency of the 
cells and that in very viaoous tissue, hyaliniaation of cells 
®ay oacur. In inttrfsedl&te stages of consistency v&cuolation 
of mrioui kinds aay ocour, or individual oells may degenerate 
into a aass of granules. If the viscosity is very low, accord-
Laz&row (19^3) has ^--ritten •*. « .. dilute alkali &nd a 
d®er®a.s0 in eleetroiyte content tend to disperse both the sufo-
microsoopia lipoprotein ooiaplex and the raitochrondria; and both 
of these psrtiolsa tend to s%rell when the ae.lt content is 
r@duo©4.(p. 17). ]yidfort (1935) showed that raitoohrondrial 
d®g:eneration could occur In a localized area of the cytoplasm. 
%orning and Riehar€.®on (1929) have described plastid 
foriiatlon daughter eiaterial'*) aa an early stage of cytolysis. 
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lug to Loeb, tli© whole, tissue raaj disinttgmte into an opaque, 
struetureltss raaas. 
Pilst (1935)1 Lspesffle (1937)» Taraeva and Nenjukov (1931), 
&nd #sp«ci&llj Jmger and Manson (19^+2) liav® described various 
ehanges in infeot ii©moojt#@ following poisoning. These have 
fiilreafiy been reftrred to in detail (see Literature section). 
To ¥lmt ©jclent th® hemooyte piotur® of fenebrio is altered 
toy specific pH oliangea is not known.^ (See Menkin and Warner, 
193?# Slrjabiaa, 193^.) Although Muttkowski (1923) olaiiaed 
that insect heraolymph w&b either allcaline or neutral (litmus 
te«shniqu©} and beeame aoid before death, most investigators 
(a©8 Hoskina* review, 19^4'0) have shotr/n that the pH is variable 
with order, species, and stadium during the life span; and tiiat 
it even varies with dlet.^ 
flh&.mber© C19^i'0), by means of iiiioro-injeotion, found in 
the oells whioh he exaained (kind not specified in this article) 
the following pi value®s •'for interior of nucleus, a pH of 
''"'''''•''''•'''''"Y"''''  ^ r^ :, -tr.nn, ;• 1 n 1 f r',,.; ,J • „ , 
*It ie well known that pH affeets penetration of some 
toxic substanees into oells and &s Hosklns (1940) points out: 
*•11 is to be expected, that the pH of insect blood will b© 
related to relative intensity of effect upon thoae tissues. . . 
which are most r©a.dily reached throui^ the blood. " 
Sabers (19^1) has written concerning the buffer capacity 
of the blood of Prodenia eridania? "The alkalinity of the 
blood shown tey'''pff'is^a aeasure of the efficiency of the 
system (buffer), a low pH being direct evidence of the im-
pairaent of efficiency." It also seera® probable th&t the 
low pi of insects.!, blood, being usa&lly on the acid side, is 
due, in some part at least, to Inefficiency in the carbon 
dioxide ©xeretory meci'ianis®. (p. 188.) 
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7.6 to 7.8; for the cytoplasmic matrix, & pH of 6.7 to 6.9, 
and for the ojtoplasmio mctioles a variable pH of 5 or greater. •' 
Cp. 23«) It is import&nt to jaentioa that Chambers found that 
the Imlioators he ustd (including sulph©ne-phtli&lein Inclloators) 
gave consistent rastilts. There was no protein error sucii as 
occurs in solatioEs of noa-living proteins. Charalaers sug­
gested that the "acid of Injury" associated y'lth cytolysls 
laigiit be explained** on the basis of an irreversible dissocia­
tion of protein aaeroitolecules to lov molecular weight proteins, 
whlcii releases incrsasecl nuabers of lonlsable carboxyl groups." 
i p .  2 8 . )  
S. Some Mnetions of the IfeHioojtee of fenebrlo molitor 
Certain fuaotlons of some of the iiemocyte classes of 
Tenebrlo laolltor are o\itllne€ in fable 38. 
In ooapltx, living organlans various tissue systems have 
more or less defined times of breaMo^ m.^  In f©nebrlo it 
appears that th© heaocfte classes are generally mSilntained 
within aorsi&l limits, almost mp to the point of death, by 
isrhat soiietimes aeera to be intense regeneration pictures even 
$,% the point of Imsinent death. With the exception of bacterial 
%©arl (1922) Hats the v&riotis systeos in man in the 
order of their breakdown as entoderw&l, mesodermal, s.nd, ecto-
dero&l, fo what extent this applies to Insects is not l:nown. 
Xt Is kumm th&t the cell aieBibrane and e@rta.ln ectoplasmic 
str«:Ottires of ttnloelltilar organism® &r@ more teslstant to 
inanition than the endoplasia (J&ekson, 1925). 
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falal© 38 
Suggested fimctioM of the hemoeyt© olassss 
of Tenetorio laolltor 
Heaiooj'le oiasa .Flmctions 
I. ProhemocjtJolt® 
II. SiiootJa-eootour 
Oiiroiiopiilles 
III, Oeriocyt;e*-lllce o«lls 
If. Plasaatdoyt#® 
f» ¥@.ralfoTO 0ells (?) 
fl, Oystocjrtes 
?'II, SpherolAocftts 
1. 3t©ai-»©ells for the other classes 
2. Phageoytie 
1. Stem cells for cystocytea and 
also for other classes 
2* Pli&gocytie 
li Production of tyrosinase in hemo-
lyiaph Ct) 
2» fr®phooyitc (?) ; plastid formation 
3, Abnormally ph&gooytio 
1. Markedly phagocytio (and athro-
ejtio) ©8peei&lly micro- and meso-
plaamatooyt©s 
2. ¥dwnd-lie&llng trsphones (?) 
3. Oonneetlve tissue formation 
«pse«do®pitheliyii" encapsulation 
k, Ulyoogen storage (trepliooytic"?) 
5. Oltiiaplrig In ooagttl&tion 
6. Anti-bodj foraation (?) 
7. Oetoxlfication of certain 
poisons (?) 
function unlcnown 
1. fre}::^ ooytio (?) 
1, frephocytie (?) 
2. Phagocytio during metamorpiiosia 
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lafedtloas and oautery aost of the oytopatliologioal oiianges 
SSSSMl?^ iiemoeytes, whioii occurred In the various at&tes 
stuiieSi are believed to "be refleotiorts of some prlsn&ry site 
of Injury. In soae ca,aes this priiaary site may %/ell be of 
aesodercial origin. Mevertheless, the blood picture ami the 
total iieiaocyte oouati, together or separately, may provide 
laportant dlitgnostic information in the atudy of diseases; in 
stiidles of tiie effeots of poisonous checiical agenta; and in 
otlier patiiologio&l as well as piiysiolog;ical states. Yeager's 
systea or soraa modification of it proTldes aore pertinent 
Inforisatlon taan tiie older iiernooyt© claa si float lone. Other 
eoiiists, g«ch as taose of pathologic cells, the number of 
iftitotic figures, the perosiitag© of fusifora cells, the preaenc® 
©f plastlds, limber of fat sella, and others, yield inforxastion 
wiiloJi may be indioative of changes occurring i'.ritiiln an insect 
Milder mrioiis coiaparsble eonditions.^ When these data are used 
in coajuriction with syiaptoiaatolofgy, they provide an index to 
tht ooitdition of the internal milieu, fhesa phases of insect 
physiology have, for the most imrt, foeen neglected. 
^Iredel and fan Sant {193^) used a 1?S aqueous neutral red 
solution for distlni^ulehing dead cells (nuclei stain a granular 
diffuse red). Iftiil© this t&ehnique mms not used in tha present 
study, it might prove of value to other workers. 
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f. m'Ah'iAiXl Mm GQNCliJSIOlfS 
TlmsB irrf«atigatlo»s imv® attempted to discover to what 
extent qimritltative lisinatologlcal data ralgiit provide useful 
Indices of toxieelogic&l and physiological problems of insects. 
Important Informstiori o&n b© supplied by hematological studies 
•in eert&in e&s®s (as in DDf and nicotine poisoning). In other 
oases Cas In IMG and tomptoene polsoRing) little if any in-
forma-tion is provided Py such an spproseii. The limitations of 
siieli studies are iisny: tli© moat serious one la that test 
iaseets laust be a&erlfioed in raakiBg eaoii heiaat©logical study. 
Tim high degree of vaplaMllty in normal differential lieiuooyte 
eounts partially ©xolufj.®» the posaibillty, except on highly 
relative baa#® in terms of continuoua oontrolo, of drawing fine 
point conclusions, thma malclng generalisations difficult except 
ifhtre large numbers of teat inseota are used, fhe raealworm is 
notoriously non-aniforra in its ohemlasl composition, in the 
nura'eer of inatfiifs, in the length of inatara, etc. But the 
total hsiiiocyte oounts for this insect are aurprisingly constant. 
Both total and differential eounts can be inadc from the some 
individual, and together they provide information somewhat 
eoiaparable to such oounta in higher enimala. It is obvious, 
however, that mch aere InforRiation has yet to be collected. 
In fact, the present paper might well be considered as a first 
— 
approximation only. In m&n^ oasea individual analyses have 
"been resorted to. Mo dogra&tic claiins are madie for this work, 
and It sfeottld be erai>h&tlos.liy undsrlined that face-value hemato­
logical vslues for the raealt'ona do not neoesssrily aprsly to 
say other eoleopteraR or to orders of Insacts in which the 
heaooyte eoiaplex may be eonsideratoly lesa involved, as in 
certain fhyeamra^ or, ©vtn raore eoraplsx, as In Progenia 
eridania. 
fhe Mooi. pietmre of the coamon yello%r atealworm, Tenehrio 
golitor Llnnaews, has been used &b an index for interpreting 
some of the eoiiplex asi)eets of the inseet^a Internal milieu 
i-ihen aubjeeted to seleeted physlologieal and pathologioal 
conditions. Blfferentlal and total hemocyte ooimts provide 
both qualitative snA Quantitative tools for the analysis of 
many iiii©xpior©t problems in the inieets. 
differential counts Ifroa eontrol specimens) fiirnlshed 
noraal ranges for the heaioeyte ©lasses of the mealworm, snd 
showea th&t, tfhile the blood picture is complex, the plaamato-
eytee COlass If) End the eystoeytes (Gl&aa VI) isaice up most 
(apDrosiiaately 90) of the heiiioeytes seen in the normal hemo-
Ijnph. Other hemooyte olaesea mRke up &n essential part of 
the osiaplete picture, however. 
Moriae.1 total hesiocyte counts Cf.KiG.) for the larger larvae 
C20-»30 sra* I showed that approxinfttaly (89.^+5/^) of these 
©oanta ranged bttween 20,000 and 70,000 oells/ou, mm. with an 
ovtrall at&n of 48,33^ hemocytea/cu. am. 
•1^ 1* 
Gert&l.fi &f the lietrntologlc®.! cowats were used, in evaluat­
ing the tffeet® of heaorriiage, saline Injections, acetone-
ssline injeetion®, distilled water injeetions, distilled vrater-
mmtom iajeotlons, Hlggiii*s India ink injections, lamp black 
injtetioas, oolleidal gold and oolloidal iron injections; and 
in lieasiiring the effects of severe caut-ery, meatoaical die-
tiirbaace, ligation, starvation, and desslcation. Differential 
and total iiemocjte counts (f.H.C.) vere uaad in studying the 
effects of BD'j? .(intrsJi0fflocoolic, and external applications), 
of ben^ne hemciiloride {extermal), of toxapheae (external), 
of godltim fluoride (externa.!), and of nicotine vapors. Some 
©f til® effect® of injections of acetic acid, olive oil ©raul-
iloiis, and eth&aol on the Meraooytes were briefly investigated. 
Tiie a.uxili&ry counts wliich were used where warranted 
iiicsluded i^ercentage counts of fusiform cells, mitotic cells, 
free fat cells, pl&atids, pathologic cells, cells with hyper-
tropJiied ntiolei, cells with sraall nuclei, cells vlth grossly 
vacuolated ojtoplasis, &M T)Oikiloh€!roocyt®s. 
Some of the experliaerita elucidated certain of the func­
tions &nd lEterrelatlonahlps between the various IieKiocyte 
©l&ises. knom and suggested fiinetions of the heraocyte 
classes of tjhe .sealworra &re briefly tabulated. 
flie olesalfloation of the hemoeytea of Tenebrio Is ooa-
pared, with & large number of other alas?=?ifications, and the 
volurainous literature concerning many aspects of this problem 
is reviewed and discussed. 
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file following eoRcluaions appear to be warremted from the 
evideR&e presented. However, wher-e Inaicatecl, certain oon*-
elusion® m&y lae siibjeet to alteration and eorrootion when more 
extensive efldence th&a is here provided becomes available, 
{1) All of the heaooyt© classes of the mealwora appear to 
d.0Yelop froa priialfci¥e stem cells termed prolieinocytoida. 
(2) The prlECipeil iiemcojts classes in the mealwom throughout 
the life B'p&B art the plasaiAtooytes a.nd the cystocytes. 
Tnej Kiake up approxiimtely of the cello norsiially en-
countered. 
(3) fhe plasiastooytes (for the most t>art comparable to the 
phsgoojtes of some other atatJiops) develop into oystocytes 
(for ths most p.%rt eoiap&rable to the coastsely granular 
leueoeytes ©f sorae other authors), but this development 
is not reversible. 
(4) Ifhils noriTisl Individual total he.n}Ocyte counts for mealwora 
larme r&nged fro® 9*200 to 128,000 heroooytes/cu. mm., 
89.^5/^ of the normal counts ransel between 20,000 and 70,000 
cells per mx* mm* with an overall average of ^ ^-8,33^ cells/ 
on. imu 
c5) Heriocytoses Cleucoei/toses) above 70,000 cells/ 
cu* tnm.) oecurrefl in 7*60 of normal mealworm larvae ex-
aained. 
( 6 )  Heiaocytopenias Cleucopenias) (T.H.G. helow 20,000 oells/ 
cu. «m.) oeourre^ in approxiiiatelj 2,9^  of normal mealworm 
larvae ex&mlmd. 
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if) PrellRilnary obesrimtions In^.ieate toa.t norroal mealworm 
Isirr&Q do not poasesa true compaot liemocytopoletic organa 
eoiixjarable to tiiose deserltoed for other invertebrates. 
(8) Single, ttnoofflplleatet iieaiorrhagea by leg amputation or 
.needle inaertion generally have no effect on the total 
iiemsoyte Gount, and prodiios either no or alight cytologloal 
ohangea in the h9ra0ci!;ftes of isealworra larvae. 
(9) Seitlier Yeager's saline nor aoetonet-aaline injections 
produce a significant change in the tot8,l henocyte count, 
and bring about only aligiit oy'cologioal oimnges in the 
heiaoojtea. They temi to prociuoe relative increases in 
proiieraocytoids, plasmatocjteis, and in degenerating cells. 
I10)In general* either distilled water or acetone in diatilled 
%/at©r injections prodMoe lower total counts th&n the me&n, 
Imt the ooimtjs are, aeirertJaeless, within normal ranges. 
Gytologioal alterations a.re none or slip-ht. "Dir.tilled 
water alone is generalljf aesoelated with relative in-
ereases in proliemocjtoids, and, often, "by a imr>©d eleva­
tion of smooth,-contour ohroraophillc eells (&. eiiift to the 
left)* Both distilled water and acetone in distilled 
water "bring about a transient increase In the nuiaber of 
mitotic fiptres* 
Cll):India ink suBpension injections are freqnentlj palsonous. 
fre&teft larvae are often unable to raolt or pupate success­
fully. India ink suspension injections are generally 
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aaao©5-.at©4 transient increases in r^rohemooytoida. 
There appears to l>e a -QrogpeaslTe rela.tltre increase in 
pla.8r«ato0ytes and in degenerating oeJl'S, rmcl there is 
slsiost almsji eTldenoe of soine ojtologlos.1 InJurj. Mo 
total hemooyte eoiinte vere made. The mitotic flfscuJ'SS 
gene ral ly I n ores,s e. 
fl2) A eoriditlon la 'which portions of the cutiole in wounded 
larrae S'O&le off Is oriefly desori'bed. 
(13) Lamj) l>ls.ck aiispeRSion injections are less poisonous to 
iBPVae than &r© tnoee- of Imiia ink, but, In genere.1, th© 
differential count changes are similar, and the cytologioal 
ch&riges of the Jaemocytee vary from ellgiit to severe, 
tlics total heraoejte counts, in so far s,s saraples 
were talseri, were wnsffeotefi. 
(l^+) Both colloidal golrl and colloidal iron injections are 
poisonous to Biealworni larme. Oytologloal inju.j»y to 
Ixeiaoojtes faries from raodemte to very severe. The total 
hemooyte co'iinte cover a >/lde range (10,200 to 10?,925 
cella/oiU' am.).. Clenerally there la a marked increase in 
proliaiiocytolds, pl.ssinatooytes, dagenei'atlng oalls, and in 
nrl t o t i c f i g-ur© s. 
(15) Severe cautery is invariably associated with severe 
oytologlce.1 injury to heiaocytes, presumably & direct heat 
i'njtiry. fiie total heinooyt© count varies from 15,500 to 
57,000 oeils/ou. m&, 'Siore is an inoreaoe in proheiaocytolds, 
saooth-oontour ohrowophilic ©ells, pl&sniatocytea, spheroido-
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ejftes, and degenemting cells. 
116) Heaimuical distiirbanoe has no effect on the blood piotur# 
ef se&lV'jom lapme. 
Cl7) '£iie blood picture following ligation of larme is ex­
tremely Wii'i&tole. Ligation tends to be associc.ted vslth 
moderate to sever© tetaatological injury, fotal hemocyte 
ooimts from moBt ligatured larvae indicate hemocytoses 
Cleucooytoses). After prolonged ligation (7 Afya or longer) 
there is a tcmdency for the mealwora to develop & severe 
Jrieittocytopenia (leticopcsniE). 
Cl8) Short stErvatlon -periods produce no changes in the dif-
ferenti«l counts, but prolonged starvation (1 raonth or 
longer) is associated with a asrkefi tendency for the cyato-
ojtes to •ppedominate. Gytological chanf^es in the hemocytes 
are aitiier not evident or ar© ali|>pit. Total counts are 
within norrtal rs.ngea. but are lower than the nomal mean. 
After 120 d0.ja of atarvstlon there an increase in pro-
hefflooytoida, smooth-contoured chroinophilic cells, and a 
imrked hsrao oyt openi a. 
•(19) Dessication tends to he s-saociated with a relative in-
crec.se in prohtmocytoids, smooth-oontoTir chroriophiles, 
oenooytelike cells, sphereidocjtes and degenerating cells, 
aither no injury or slis^it oytological injury to he.Mocytes 
jmy be mnifest. No total heraocyte counts vere nmd©. 
(20) Results with PDf duat were contradictory. Application 
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^Foduoee'either no effect on the differential count 
from poisomxi las'Tae, or protooes relative Increases la 
prolierriO'dytQida, oenoojtelSJte cells, t>laaraatooytes, 
spiiex'oldocytes, aii'l degefjep&ting oftlla. Cy uopathology 
of aeniooytea varies frow none to laofterate. l:lo total herao-
cjte ooimts irere aade* 
{21) Injeetlon of DDf (0.1)1) in acetone s«illne showod either 
no or slir^t cytopatliologlcal 0£ii-mp;e3 In the l?-.nral hemo-
ayt&a aven after 24 hours. There '-.ras no change in the 
total count* (21J000 to 64,000 oells/cu. mm,). Acetone 
injected controls showed total heinooyte eounte of 18,000 
to 61,000 oells/cu. raw. 
iZZ} Pure DDT poFder applications to adults resulted in moderate 
to severe ojftop&tholop-lcal eJisnpres. Patholop-ic cells 
vere pieesent in the heRoljmph b;/ 23 hours but not before. 
Seurologic&l evidence of poisoning vas ap-oarent a few 
minutes after application. 
(23) Pure BDf powlBT application to larvae produced differential 
iaemoojte counts of such 'rariable nature that generaliza­
tions SiTB not feasible. Oytopatholorical changes of hemo-
oytes varied fx'oia alicJit to severe. Total hemocyte counts 
wer# variable* 29*000 to 90,000 oells/cu. rm.u 
(24J DDI (lj2) in sicetone swabbed on the dorsal surface of 
l&rvse produefsd variable differential hemocyte counts, 
sorae of wiiiich, could be correlated Kith external syrapto-
-16? 
ii&tology. Oytologjical ohaagea of the hemocytes varied 
from mm to sever©j mean total .counts varied from 
^1-1,000 to 69,150 @©lls/0u. ©a. tindividual total counts 
varied from 22,000 to 95,000 eells/cu. mm.)* 
(25) Bemnm hexaehlorid© (8 1/3^ containing 1^^ gamma isomer) 
Md no apparent @ff©et on the blood picture of the meal-
¥orii. lo total counts were mad®. 
(26) foxapliene CIQ^') txtemally applied brought about a 
relative inoreas© in prohemooytoids and in mitotic figures 
after 24 hours, lo oytopathologioal changes were apparent, 
fot&l counts were not laad©. Toxaphene (5^^) externally 
applied wm associated with no ©ignificant change in the 
blood picture of the iriealwona, even after 96 hours. 
<27) Sodium flttoridt (95^) applied externally to adult mealworms 
ms associated with a relative Increase in smooth-contour 
chromophlles, oenooyte-like cells, sphereidocytes, and 
fusiform cells. Mealworm larvae were quite resistant to 
external applications of 95?^ sodium fluoride, and neither 
the tolood picture nor the total count was altered "by 
prolonged exposures. 
(28) Micotine vapors at room terapsratur© {^8 hours) wore asso­
ciated with profound heiaocytoses (leucocytoaes) in ex-
I 
posed larvae, there >/&s a relative Increase in the pro-
heiiooytoids and in the spheroidocytes. Cytopathology 
of heaoeytes varied from moderate to severe. 
(29) A©«tio acid (5/0 lnjeotloaa w©r© aisociated with tlif-
fereEtial O0imt8 Mhioh mried ooiaplexly with time within 
1 lndi*rl4u®.l at well a® among all ©peeliaens examined. 
Cytopathology of Ummajtm varied from moderate to severe, 
fotsl count® varied from 15#00(3 to 6^,000 cells/oxi. saa. 
(30) Injections of oll^e oil ©mulsions gener&lly brought about 
moderate to sefere eytopathological changes in the heme-
of aealwona Isnrae. Mitotic figures., prohemocytoida 
sad aicroplasaatocytes increased, and the total heraooyte 
counts Taried froa 3^1-,000 to 41,000 cells/cu. mm. 
(31) Etiisnol (1^) Injections produced alight to occasionally 
eeirere ejtological ©Imnges in hefflOcytes, but the dif­
ferential counts were essentially mnml. The total count 
mried from 211000 to 29 #000 o©lls/eu. la®. 
(32) The hi^est indi-rldual total hgiaooyt© count encountered 
in this study was 215»000 ©ells.cu. a®, (in a nicotine 
mpor poisoned larra);. the lowest individual total count 
was 'if,200 eells/cu. ma, (In a starved larva). 
(33) Binuel©at0 oenocyte-like cells occur in a. number of 
pathological states but do not,appear to be characteristic 
for any one condition. Other binucleat© hemocytes occur 
but rarely. 
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fill. ILLUSTRATIONS 
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Flat© I 
flie AefelopiaeEt of the headoytes of the mealworm, Tenebrlo 
figures 1-4 Preheraoeytoids; figures 1 and 2, alcrocyteaj 
Figures 3 &b4 k, proheiaoeyte®. 
Figure 5 Sfttooth-eontdttr uhrdmophile csell. 
Figurta 2B->-j3 plasMtoojtes; Figures 6-8 microplasBiato-
eytee; Fiptrea aad 30 aesoplasfflatocytes; Figures 28 
and 3^ Bmereplaaaatoeyttij Figure 33 aiultiramous plasmato-
Gyt0| figures 31 aa<l 32 elongettd plaawatooytes. 
Figure 29 fyraifoni c#ll Cnematocytoid). 
Figures 16*27 Gystoeyt#sj Figures 16, 19i 21, cystooytoids; 
Figures 1? and 22, aeocyatoejtes; Figures 18, 20, 23-27, 
peieoeystoeytes, 
Figur©3 43«l|'5 Spheroidaeytts; f'igur® 43, spheroidooytoid; 
Figure ^i4, orthospherQidooyt®; figure ^5i metaspheroidooyte. 
Fipires 35-38 Begeaersting oellaj figures 36-37,, macronuoleo-
oytic degenerating ©ellsj figure 38, aehroraophile. 
Figures 39*^42 Oefio#yte-like 0§lls; Fig-ure 39, pseudoenooytoid; 
Figures oeiioeytoidi. 
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Plate I 
»208^  
Pl&te II. 
Flgar© 1, Proheiaoei'toid showing plastid fornatlon (p), nuclear 
aeli»i»8la» Fro® Isrva lEjecte4 with oolloidal gold {$%) 
kB hmm * 
Flgw# 2, FXaasi&teeft© showing pisstid formation (?). From 
• ' eaiit larm as in Fi.gitir@ 1. 
Figur® 3, Flasmtoeytei with abnormal basopfeilio inclusions 
probatolf of ©ndogenous origin. Other abnoraiEl inclusions 
are showii. Fron sara© Isrfaasin figtir© I.' . 
Plgtir© kt Oenocftoit having oytopla-smie reticulation. From 
asiae larra aS in figure 1* 
Fi.giire 5» Oenocytoid (?) showing abnormal mitotic figure (7). 
A pla®tit Ip) is Bhmn to tli© right of the ©ell. From 
saia-e larm as ia Figar© 1. 
figure 6f A "pathologic" plasraatoeyte filled Kith collold&l 
iron., lot® cytoplssffllo extensions, toxic granulations. 
Sell sia® sot iaclwding ©xtensionss 15*3 x 17.0 micre.; 
nacle&r fiiz©; 3*^ 1' x 6.1 mi era. 
Figar® 7, A "pa-tholdgio" plasaatoeyt© with large colloidal 
iron mewolfs. Sote large eoainophilio incliisions 
. MeaTOraiaenta of intslusions showed average 
siae of O.S mi em. 
Figur© 8, Oenooytoid with lamp bl&ol; particles (phagocytosed?). 
From an in J set ©d admit ml#» 
Figar© 9, ^flasffla eell"-llke plssia&tocyte from colloidal iron 
lfije€»t©d larva. 
Fig«r© 1§, Flasia&tocytes piiagocytosing laap black particles 
5 iiinuta® after injection into l&rva. 
figure 11, ^ fwsiform plasiastocyte with phagocytosed lamp black 
in injected adult. 
Figwp© 12, Plssaatocyt© ifith "digestion vacuole" (green) con-
taining lamp bl&ok p&rti@l@s. Proa adult raale 28 hours 
»ft@r injection. 
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FigtiP®®. 13-15, Plasmatooytes with B&rer® nuclear fragmentation. 
Fro® •baeterlally Infeettd adult preflously (24 hours) 
treated with pure DDT powder. 
Figt'ire 16, Hypertrophied oeaosjtold with bacteria in cytoplasm. 
figure® 17-21, Fl¥@ neorotlc heaocytes from larva that died 
of BDf poisoning. Heaooyte oount in- so far as it oould 
t»© nade r®fealed meuolated neerotio cells, (plasraato-
oyt©sf) and 27^ vaouolatod ©osinophilic cells (cyatocytea?). 
fhr@e ptr eent of the oella wr© similar to Figure 19. 
Figure 22, Binueleate oeaocytoid froa lanra poisoned externally 
with l;l DBf in aeetone i9& hours). 
figure 23, Proheiaooytold ©ass in the heiaolyniph of a very toxio 
lanra poisoned externally with 1|5 DDT in acetone for 9 
days. 
Figurti 2^i-28, EmioQjtm from a larva dying of DDT (Iji in 
aeetone). Differential counts I, 33^; IV, 62,^; ?I,^ 5^ 
fusiform etlls e©lls with abnorrrtal granules 21'lj 
eells with large nuclei 18^. 
Figure 24, Gystocyte if). 
Figure 2.5, Plasaatooyte with very large, sliglitly indented 
nueleti®. 
Figure 26, Cell with abnormal inclusioni. 
Figure 27, Pl&sra&tooyte with hypertrophied nucleus. 
Figurt 28, Hypertrophied cell of questionable Identification, 
Figure 29, Plaefmtoeyt© with Burf&oe irregularities from a 
larva poisoned with 1:1 DDf in acetone externally. Six 
days, lighly-four per cent plaamatocytoe (IV). 
Figure 30, Abnorwally toasophilio plasraatooyte. 
Figur© 31, ?&euolat@d ©ell from severely burned l&rvs. 
Figure 32-33, Cells with brilliant basophilic cytoplasmic in-
olusions. lot® banding of the nucleus in Figure 32. 
Figure 34, iJi&nt: O0II fro® ligatured larva (35-day8 ligation 
tioe). Qell  diaenalonai 20 x 62 aicra; nuclear s ize:  
10,5 ml era in dlaiaieter. 
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Plgmre 35, Abnormally IsaaopMlio plasraatooyte x-flth discrete 
'••racuole®" Cholet'O* 
Figttre 36» Pl&saatoeyte losing its moleus. 
Plgwr© 37, Plasastocyte with Tery large cytoplasmio vaouoles. 
Plate II 
